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ABSTRACT 
A study was carried out on an ant community in a semi-arid 
saltbush (Atriplex vesica:ria) plain of southern New South Wales. 
Thirty-seven species were collected from the area, and the relative 
abundance and spatial distribution of colonies of these species were 
determined in quadrats in the saltbush area, and in an area where 
A. vesica:ria had been removed through overgrazing by sheep. The 
seed-harvesting ants (Chelaner spp. and Pheidole spp.) constituted 
the largest group (42% of colonies in the saltbush area), and were 
studied more intensely. Generally, the structure of the ant 
community remained stable during the course of the study, and there 
were no marked changes between the ant faunas of the two sites. 
Analyses suggested that the major mechanism contributing to the 
contemporary physical structure of the community were intra- and 
interspecific aggressive interactions among the species. 
Temporal variation in community structure was also examined, 
by monitoring changes in both seasonal and diel activity. An 
experimental analysis of the diel patterns showed that activity was 
influenced by both physical factors, such as photoperiod, temperature 
and moisture, and biotic factors, such as the availability of food. 
Different responses to these by the various ant species have resulted 
in distinctive activity patterns and some temporal separation 
between species. In the case of the seed~harvesting ants, their 
responses to physical factors affecting activity reflected two basic 
adaptive strategies to a variable semi-arid environment; one of 
avoidance and one of tolerance to arid conditions. 
The trophic structure of the ant community wa s fairly complex, 
as the ants covered a range of troph ic levels, and, apa rt f rom a few 
specialist predators, most species showed a broad diet. Food intake 
by the seed-harvesting ants was examined more closely, and showed 
marked seasonal changes in composition of the diet, corresponding 
closely to the time of seed product ion by food plants. Diffe rences 
in seed selection were found between species, and an analysis of the 
food relationships of these species showed that both the range of 
items taken and dietary overlap between species fluctuated seasonally . 
The ants specialized more at times of high seed availability, and 
overlap between some pairs was also greatest at these times, due to 
convergence on a common, abundant food source. It also appeared that 
the harvester ants were only using a small proportion of the available 
food supply, and there seemed to be little competitive pressure 
between the species. 
As a consequence of the loose coupling between primary consumer 
and producer, there was negligible fe edback on plant structure by 
the ants' harvesting of seed. However, ants can have a beneficial 
effect through turnover and nutrient cycling in the soil. There 
also appeared to be loose coupling between other trophic levels, as 
only a small proportion of harve ster ant production was channelled 
through to higher consumers. Mechanisms such as loose coupling 
between ecologically similar species and between trophic levels, 
colony organization and spacing through aggressive interactions, and 
food-storing by spe cies such as the harvester ants were postulated 
as forming a buffering system wh i ch would contr i bute t o the stability 
of the ant community in the presence of an unstabl e envi r onment. 
CONTENTS 
CHAPTER ONE INTRODUCTION 
CHAPTER TWO THE SITE 
2.1 Introduction 
2.2 Climate 
2.3 Soil 
2.4 Vegetation 
2.5 History of the site 
2.6 Experimental areas 
CHAPTER THREE PHYSICAL STRUCTURE OF THE ANT COMMUNITY 
3.1 
3.2 
3.3 
3.4 
3.5 
Introduction 
Faunal list 
The relative abundance of species 
3.3.1 
3.3.2 
3.3.3 
3.3.4 
Population censuses 
Measurement of species diversity 
Composition of the ant collll\unity 
Comparison of ant conununities of 
several habitats 
Spatial distribution 
3.4.1 
3.4.2 
3.4.3 
Methods 
Intraspecific pattern 
Interspecific pattern 
Other mechanisms affecting ant conununity structure 
3.5.1 
3.5.2 
3.5.3 
3.5.4 
Climate 
Soil type 
Predation 
Vegetation 
1 
6 
6 
7 
9 
9 
10 
14 
15 
15 
17 
26 
26 
27 
29 
31 
35 
35 
38 
46 
51 
52 
52 
53 
55 
CHAPTER FOUR TEMPORAL STRUCTURE IN THE ANT COMMUNITY 
4.1 
4.2 
4.3 
4.4 
Introduction 
Seasonal activity 
4.2.1 
4.2.2 
Methods 
Results 
Diel activity 
4.3.1 
4.3.2 
4.3.3 
Experimental details 
Environmental factors affecting 
activity patterns 
Total daily activity 
Biotic factors which may affect foraging 
intensity 
4.4.1 
4.4.2 
4.4.3 
Presence of larvae 
Presence of seed stores 
Availability of food 
CHAPTER FIVE FUNCTION IN THE ANT COMMUNITY 
5.1 
5.2 
5.3 
5.4 
Introduction 
Trophic structure of the ant conununity 
Resource use by non-harvester species 
5.3.1 
5.3.2 
5.3.3 
Predatory species 
Omnivorous feeders 
Comparative foraging strategies of the 
non-harvesters 
Resource use by harvester species 
5.4.1 
5.4.2 
5.4.3 
Overall composition of forage 
Seasonal changes in forage 
Seed selection 
CHAPTER SIX NICHE ANALYSIS OF THE HARVESTER ANTS 
6.1 
6.2 
Introduction 
Partitioning of the food niche 
6.2.l 
6.2.2 
6.2.3 
Methods 
Interspecific differences in the food niche 
Seasonal changes in the food niche 
58 
58 
60 
60 
61 
65 
65 
67 
80 
82 
82 
82 
83 
86 
86 
87 
90 
90 
95 
100 
101 
102 
llO 
ll6 
120 
120 
123 
123 
124 
128 
6.3 Partitioning of the time niche 132 
6.3.1 
6.3.2 
Methods 132 
Interspecific differences in the time niche 133 
6.4 
6.5 
The relative importance of the harvester ants 
Competition and coexistence of the harvester ants 
CHAPTER SEVEN MECHANISMS BY WHICH ANTS MAY AFFECT 
PLANT STRUCTURE 
7.1 
7.2 
7.3 
7.4 
Introduction 
Effect of the harvester ants on the vegetation 
7.2.l 
7.2.2 
7.2.3 
The absolute abundance of plant species 
The relative abundance of plant species 
The distribution of plant species 
The influence of nectar-feeding ants 
7.3.1 
7.3.2 
Ants tending sap-sucking insects on 
saltbush 
Ants as potential pollinators 
The influence of ants on the soil 
7.4.1 
7.4.2 
Mechanical effects 
Effects on soil nutrient levels 
CHAPTER EIGHT SYNTHESIS AND CONCLUSIONS 
APPENDICES 
REFERENCES 
1. Floral checklist of the "EI!ll\et Vale" 
site 
2. Regression equations of the diel 
activity of the harvester ant 
species 
3. Colony fission in Chelan.er 
(rothsteini) 
136 
140 
144 
144 
147 
147 
150 
151 
154 
154 
158 
159 
159 
161 
166 
181 
184 
187 
191 
CHAPTER ONE 
INTRODUCTION 
Thus much for the ants, an indust r i ous race who i n all 
countries have for that reason been admired by man, t ho 
probably in no countrey more admirable t han t hi s. The 
few observations I have wrote down of them are chiefly 
from conjective and t herefore are not at all to be 
depended upon, was any man however t o be setled here 
who had time and inc lination to observe t heir economy 
I am convinced it would f ar exceed that of any insects 
we know. 
Joseph Banks, 
New Holland, 
August 1770 
The ants have been described by Wilson (1963) as a world-
dominant taxon that has achieved success by means of social mod-
ification. Their dominance is manifested by the large numbers o f 
species that have evolved (estimated at between 12,000 and 14,000 
by Wilson), their numerical abundance, their wide geographic dis-
tribution and the diversity of their ecological adaptations, and 
their many relations with plants and other animals (Wheeler 1910). 
A very large literature, estimated by Wilson (1971) at over 12,000 
articles,now exists on the biology of ants. The information 
obtained has been synthesized and condensed in several books, such 
as those by Wheeler (1910, 1928), Forel (1928), Goetsch (1957), 
Brian (1965), Sudd (1967) and Wilson (1971). The observations and 
experimentation described in these books though, has been largely 
concerned with the biology of ants as social insects, rather than 
ants as components of the ecosystem. 
The general proliferation of articles on ants has not been 
reflected in the Australian literature. Brown and Taylor (1970) 
state that "their ubiquity, their sheer abundance, and their gener-
ally high rates of activity make ants in Australia one of the most 
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important animal groups in the environmental system of energy flow". 
Joseph Banks apparently received a similar impression when he first 
visited the country in 1770 (see quote at the head of the chapter), 
yet very little ecological work has been carried out on the 
Australian ant fauna to date. The work that has been published 
has concentrated on the more prominent species such as the bulldog 
ants Myrmecia spp. (Haskins and Haskins 1950, Freeland 1958, 
Douglas and McKenna 1970, Gray 1971) and the meat ant Iridomyrmex 
purpureus (Duncan-Weatherley 1953, Greenslade 1970, Greaves 1971, 
Ettershank 1971), or on species that have attained pest status, 
with a view to their control. These include the funnel ants of 
North Queensland Aphaenogaster spp. which caused pasture 
deterioration through their excavations (Saunders 1967, 1968) and 
seed-harvesting ants of the genera Pheidole, Chelaner, Meranoplus 
and Monomoriwn that were thought to reduce yield of broadcast pasture 
crops (Campbell 1966, Russell et al . 1967) and tobacco crops 
(Smith and Atherton 1944). Some observations of the ecology of 
other ants have been made in the case of the genus Rhytidoponera 
(Brown 1954a), and ants of the tribes Dacetini (Brown 1954b), 
Melophorini (Brown 1955) and Cerapachyini (Wilson 1958). A brief 
outline of the ecology of the major groups of the Australian ant 
fauna is given by Brown and Taylor (1970). These studies though 
have all centered on individual species, or a few closely related 
species, and it is only recently that an attempt has been made 
to study an entire ant community, and the interrelations between 
component species (Greenslade 1973, 1974a, 1974c). 
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This thesis is a study of the ecology of an assemblage 
of ant species living in a semi-arid shrub-steppe region of south-
ern New South Wales (or to paraphrase Odum (1963) it is a study 
of the structure and function of the ant conununity). The study 
was carried out at the level of the community, because in nature 
organisms do not occur on their own, but as Whittaker (1970) 
suggests, are part of an assemblage of interacting, differentiated 
species populations. It is the manner in which these member 
species interact with each other and with other biotic elements of 
their environment that is of interest to the community ecologist. 
Parameters such as the physical structure, species diversity, 
differentiation of species in space and time, and relative 
importance are all expressions of the interactions and organization 
of comnunities (Whittaker 1970), and are used as such to examine 
conununity structure and function in the present study. Moreover, 
as Krebs (1972) points out, in the study of a particular level 
of biological integration, explanatory mechanisms may be sought 
from lower levels of integration and the biological significance 
from higher levels. Thus, while it is important to examine the 
conununity as a system of populations in order to understand its 
operation, it is necessary to view the role of the community with 
regard to overall ecosystem function to understand its significance. 
The present study is not intended to be a definitive 
work, but since studies of ants as conununities of interacting 
species are only at an early stage, it is designed to generate 
ideas as well as answer basic questions. Furthermore, in a 
conununity containing a large number of species populations, it 
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becomes logistically impractical to consider each species with the 
same thoroughness, and therefore some species will be emphasised. 
In the present study this emphasis has been placed on the group 
of seed-harvesting ants. This has been done because they were the 
most abundant group in the site, and also because they operated at 
the plant-herbivore interface. Hence, they are also important 
because of their potential impact on plant reproductive success, 
and as a source of food for higher trophic levels. In addition, 
it has been mentioned by several authors (Wheeler 1910, Sudd 1967) 
that the abundance and importance of harvester ants increases as 
conditions became more arid, and this study provided an opportun-
ity to examine their adaptive strategy and suggest reasons for 
their success in xeric habitats. 
The thesis is presented in the following format. Apart 
from references to Australian work, an extensive literature review 
has not been presented in this introduction, but rather relevant 
literature has been cited in the introduction to each chapter, in 
order to preserve their integrity. In order to arrange the study 
in a logical sequence, it was found convenient to borrow from 
modelling theory (Watt 1966) and view the ant-plant community as 
a system composed of different elements and connected by various 
links. In the study of any system the first step is generally to 
define the elements belonging to it. Consequently, the first task 
was to collect and identify the component species of the ant and 
plant populations. However, the concept of community structure 
involves more than the accumulation of species lists, and there-
fore the relative abundance and spatial distribution of these 
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species were examined. At this stage there is sufficient data to 
give a physical description of the corranunity at any one time, but 
communities are dynamic entities and temporal variations, both 
seasonal and die!, inevitably occur. In order to look at temporal 
structure data was collected over several seasons, and experimental 
analyses of die! activity patterns were made to elucidate the 
factors influencing temporal variation. The next step was to look 
at how the system operates. In biological conununities this is 
dependent on the flow of energy through the various species popu-
lations, and consequently the trophic structure of the ant 
conununity, and the function of individual species, with regard to 
resource use, were examined. The data on temporal activity patt-
erns and comparative resource use showed ways in which the species 
interact with, and differentiate from, each other.· A detailed 
and more theoretical analysis of species interrelationships was 
carried out on an ecologically related group - the harvester ants -
to determine if competitive interactions existed and elucidate 
reasons for their coexistence. As the ant fauna do not form a 
closed conununity, but are part of a larger system, an investigation 
of the possible ways in which the ants might affect their environ-
ment, in terms of their impact on vegetation structure and the 
soil, was made. Finally, the results and ideas emerging from this 
study are synthesized and the ways in which the ants have adapted 
to a variable, semi-arid environment, as well as the physical and 
biological variables which modify or stabilize conununity structure 
and function are discussed. 
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CHAPTER TWO 
THE SITE 
2.1 Introduction. 
The area chosen for the present study was on the site of 
an experimental sheep-grazing plot at "Emmet Vale" (latitude 35° 
06'S, longitude 144° 48' W, elevation 86m), a property 51 km north 
of Deniliquin in the western Riverine Plain of New South Wales. 
(Fig. 2.la). There were several reasons for choosing this particular 
location. One important factor was the structural simplicity; the 
area was very flat with little microtopographic variation and both 
soil type and vegetation structure were fairly uniform. This would 
reduce variability in the analyses of species composition and spatial 
pattern within the ant community. Furthermore, some of the grazing 
treatments had resulted in marked changes in plant composition, and 
this could be incorporated into the experimental design to examine 
the effect of vegetation structure on ant community structure. In 
addition, the history of vegetation change and grazing pressure, 
as well as climatic conditions was well-documented which could help 
in preliminary hypothesis generation and later data interpretation. 
As the plots were fenced the amount of interference due to grazing 
stock was controlled, which was important in the case of 
experiments requiring continuous monitoring over several seasons. 
A final but not unimportant factor was the proximity of the site 
to the facilities of the Commonwealth Scientific Industrial and 
Research Organization lCSIRO) laboratories at Deniliquin. The 
study of ant activity patterns could not have been carried out as 
effectively without the use of the Mobile Laboratory and meteor-
ological recording equipment provided. 
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2.2 Climate. 
A general description of the climate, geomorphology, soils 
and vegetation alliances of the Riverine Plain has been given by 
Leigh and Noble (1972). The nearest meteorological station to the 
site is 38 km SE at the Falkiner Memorial Field Station, and records 
kept here indicate a dry continental climate. The mean annual 
rainfall is 412 mm, but wide and erratic fluctuations occur (range 
of 145-812 mm). Although there is no consistent seasonal 
incidence, on average over 55% of the annual precipitation occurs 
in winter and spring when evaporation is lowest (454 mm). The 
effectiveness of summer and autumn rains is reduced by a high 
evaporative loss (1334 mm). Rainfall measurements at "Emmet Vale" 
have only been taken since 1964, but these are on average only 94% 
of the corresponding rainfall at Falkiner Station, suggesting that 
the conditions there are slightly drier. 
Temperature variations are also fairly wide, the mean 
monthly maximum and minimum varying from 31°C and 16°C in February 
to 13°C and 3°C in July. During the present study temperature 
extremes of -2°C in mid July and 47°C in late December were 
recorded. The mean daily period of bright sunshine varies from 
10.8 hours in December to 5.2 hours in July. 
Table 2.1 shows the average monthly meteorological data 
for the Falkiner Memorial Field Station. 
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TABLE 2.1 Average meteorological data recorded at the Falkiner Memorial 
Field Station (1948-73)*. 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec . 
Maximum 
0 Temperature ( C) 31.3 30.5 27.7 22.5 17.3 14.5 13.5 15.5 18.4 21.8 25.9 28.7 
Minimum 
0 Temperature ( C) 15.7 15.4 13.4 9.3 6.2 4.0 3.2 4.2 5.5 8.5 10.8 13.8 
Rainfall (mm) 26.4 30.1 39.2 29.1 42.7 35.7 31.2 35.7 37.5 45.1 29.6 30.5 
Evaporation (nun) 292.6 237.6 198.5 117 .1 66.6 43.7 42.6 59.1 95.5 147.0 216.0 272 .1 
Daily 
Sunshine (hrs) 10.5 10.6 9.1 7.7 6.1 5.2 5.2 6.4 7.8 8.8 9.9 10.8 
* data obtained from CSIRO records 
(X> 
2. 3 Soil. 
The site is part of an alluvial landform of largely 
riverine origin which is extremely flat, having a gradient of about 
1 in 5000 sloping to the west. At "Emmet Vale" the main soil type 
is a heavy grey clay, and as the name implies its morphology is 
dominated by the high clay content. It is a finely textured soil 
but shows weak horizonation; the surface soil is a platy lighter 
clay with some quartz grit, while below this the clay becomes 
heavier and more blocky with the deeper subsoil containing some 
gypsum. 
It has poor physical qualities being fairly impermeable 
to water, and on drying cracks deeply (Stace et al, 1968). The 
other soil type found is a sandier red soil, but this only occurs 
intermittently. 
2.4 Vegetation. 
The natural vegetation is a shrub-steppe formation 
dominated by the chenopod Atriplex vesicaria Hew. ex Benth. (bladder 
saltbush), with Kochia aphylla R. Br. (cottonbush) and Malacocera 
tricornis (Benth.) R.H. Anders. (soft-horned saltbush) also present. 
The area between bushes is occupied by a ground flora of numerous 
annual and perennial grasses and forbs, which may be sparse or 
abundant depending on rainfall. The most common of these are the 
grasses Danthonia caespitosa Gaudich, Sporobolus caroli Mez and 
Chloris truncata R. Br., the dwarf chenopods Kochia pentagona R.H. 
Anders and Kochia cheelii R.H. Anders., and the forbs Medicago 
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polymorpha L., Minuria cunninghamii (DC.) Benth. and Brachycome 
spp. A list of the main species including a brief description is 
given in Table 2.2. A complete floristic checklist is included 
as Appendix 1 and more detailed information on most of these can 
be found in the catalogue of Riverine pastoral plants by Leigh 
and Mulharn (1965), from which identifications were made. 
2.5 History of the Site 
The "Emmet Vale" site was initially set up to investigate 
the effect of sheep grazing at different stocking rates on sheep 
productivity and the composition of pasture species, (Wilson et 
al. 1969). It is an area of 34 hectares which was originally 
fenced into 2 replicates each containing plots of 2.4, 4.9 and 
9.7 hectares (ha.). The study was begun in mid-1964 with 
stocking rates of 2.5, 1.2 and 0.6 sheep/ha, and data collected 
over a 3 year period. As the information gathered on sheep 
productivity is irrelevant to the present study it will not be 
considered. However, in view of the established correlations 
between plant diversity and structure and fauna! diversity (see 
Pianka 1967, Cody 1968, Murdoch et al. 1972) any grazing-induced 
changes in the composition of the vegetation are important in 
this study. 
The overall result was that under light grazing (0.6 
sheep/ha) there was little decline in Atriplex vesicaria 
populations, but at the medium level (1.2 /ha) there was a 98% 
loss while total elimination occurred at high levels (2.5 /ha). 
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TABLE 2.2 The main plant species found on the study site. 
species Common name Description 
Perenniality 
Atriplex bladder erect, woody dioecious shrub 
perennial 
vesicaria saltbush up to 60 cm; seed enclosed 
in spongy fruiting body of 
two bladder like bracteoles 
8-15 mm long. 
Kochia cotton bush rigid, much-branched shrub 
perennial 
aphylla up to 100 cm; minute woolly 
leaves; often bearing 
clusters of white cotton 
like galls. 
Malacocera soft-horned small shrub up to 50 cm; 
perennial 
tricornis saltbush white hairy branches 
and 
leaves; fruit with three 
hairy arms 4-8 mm long. 
Kochia fissure weed dwarf shrub up to 10 
cm; perennial 
pentagona woolly sterns and 
fruit. 
Kochia fissure weed dwarf shrub up to 10 
cm; perennial 
cheelii fruiting body smooth 
with 
5 flattened lobes. 
Bassia short-winged dwarf, prostrate woolly 
perennial 
brachyptera saltbush shrub; sterns up to 25 
cm 
long. 
Medicago burr medic introduced prostrate 
legume; annual 
polymorpha spined seed pod contains 
2-3 
kidney shaped seeds. 
TABLE 2.2 (Continued) 
Species 
Plantago 
varia 
Minuria 
cunninghami 
Brachycome 
campylocarpa 
Goodenia 
pusilliflora 
Danthonia 
caespitosa 
Sporobolus 
caroli 
Chloris 
truncata 
Corrnnon Name 
small 
plantain 
bush 
minuria 
large white 
brachycome 
goodenia 
white-top 
fairy grass 
windmill 
grass 
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Description Perenniality 
semi-erect herb up to 30 cm; annual, 
flower heads up to 20 cm occasionally 
with flowers arranged 
regularly around and along 
the stems. 
glabrous shrub up to 50 cm; 
large flowers with white 
petals and narrow, flattened, 
tufted seeds 2-3 mm long. 
glabrous erect herb up to 28 
cm; branching stems with 
large white daisy-like 
flowers. 
erect herb up to 15 cm with 
large yellow flowers on long 
stems; flat black seeds with 
white membranous wing which 
becomes jelly-like when wet. 
dense tussock grass growing 
to 30 cm with long hairy 
leaves; seed enclosed in 
hairy awned sheath. 
slender stemmed grass up to 
40 cm; broad, many branched 
flower head with minute 
awnless seeds. 
glabrous, flat crowned grass 
up to 50 cm; seeds along 6-10 
radiating arms up to 10 cm 
long. 
biennial 
perennial 
annual 
annuals 
perennial 
annual 
annual 
150 
Monthly 
100 rainfall 
(mm) 
50 
0 
Atriplex vesicaria 
- - - -
Malacocera tricornis 
- - - -
Kochia aphy Z la 
- - -
Koahia pentagona 
- - - -
Kochia cheelii 
- - - -
Bassia brachyptera 
- -
Brachycome campylocarpa 
PZantagc varia 
- -
Calotis hispidula 
- -
Goodenia pusiZZifZora 
- -
Medicago polymorpha 
Minuria eunninghamii 
- -
Podolepis mueZZeri 
-
Danthonia aaespitosa 
- -
Chloris truncata 
- - -
Sporobolus caroli 
-
Stipa variabilis 
- -
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1971 1972 1973 
Fig. 2.2. Seeding times of the more common plant species. 
The death of the saltbush due to overgrazing resulted in an increase 
in the perennial grass Danthonia caespitosa and the formation of 
a grass pasture. The grazing history since mid-1967 has been 
summarized by Wilson (pers. com.). Briefly, in the t wo years to 
mid-1969 no grazing occurred, during which time there was substant-
ial re-establishment of A. vesicaria on the overgrazed plots. At 
that time a new experiment on the comparative productivity of 
grassland and saltbush areas was planned, and the grassland plots 
were crash grazed for 4 weeks (17.5 sheep /ha). In mid-1970 
fences were rearranged according to the plan in Fig. 2.lb and 
stocking levels of 0.6 sheep /ha on the saltbush and 1.2 sheep /ha 
on the grassland were set up. Vegetation measurements taken since 
then have suggested little change in A. vesicaria populations. 
However, in the grassland, D. caespitosa began to decline after a 
peak in 1970 until it was virtually replaced in 1972 by the 
annual grasses Chloris truncata and Sporobolus caroli. The 
following year however was very wet (708 mm) and D. caespitosa 
began to re-establish, although the most notable event was the 
emergence of many annual forbs species such as Podolepis muelleri 
(sond.) G.L. Davis, Calocephalus sonderi F. Muell., Plantago varia 
R. Br., Brachycome spp., Medicago spp. and others (see Appendix 1). 
In addition to checking past records, plant presence and 
absence was also monitored during the present study, and as emphasis 
was to be placed on the role of harvester ants the periods of seed 
production of important species was recorded. This is shown in 
Fig. 2.2, which includes a rainfall histogram so that the import-
ance of good rains in initiating seed set will be apparent (see 
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also Chapter 5). 
2.6 Experimental Areas. 
There were basically two plant communities; the one 
subjected only to light grazing and still in near natural state, 
dominated by a stable shrub community, and the other heavily-
grazed resulting in the death of the shrub layer and the formation 
of a grassland in a state of successional change. This situation 
provided the opportunity of making a comparative study on the 
effect of vegetation composition on the structure of an ant 
community. To do this 500 m2 quadrats were set up in each plot, 
and their position is shown in Fig. 2.lb. They will be referred 
to as the saltbush plot and grass plot respectively (see plates 
2.1 and 2.2). The experiments on diet selection and activity 
patterns were also carried out on selected ant colonies in or 
near these quadrats. 
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Plate 2.1. The saltbush plot - the dominant shrub is Atriplex vesicaria 
{.see text .for details). The stakes mark ant colonies. 
Plate 2.2. The grass plot - dominated by annual and perennial grasses 
and forbs. 
CHAPTER THREE 
PHYSICAL STRUCTURE OF THE ANT COMMUNITY 
3.1 Introduction 
Corranunity organization is a result of evolution and 
interaction at the species level - a consequence of the way species 
adapt to the environment and partition resources amongst themselves 
(Whittaker and Woodwell 1972). Thus a knowledge of the physical 
structure of a community at any one time may give an insight into 
the processes which led to its development. This chapter will 
discuss several such physical characteristics of the ant community 
at "Emmet Vale". 
The first task in a study of this nature is to collect and 
identify the component species, so that the elements on which 
community structure is based can be defined. Some past studies 
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on ants have used solely such census techniques, but in conjunction 
with surveys over large geographic regions e.g. central European 
forests (Eichhorn 1971), Belgium (Gaspar 1971, 1972), mid-continental 
North America (Gregg 1972) and areas of Colorado (Browne and Gregg 
1969). Generalizations from this presence-or-absence data point to 
factors such as vegetation type and macro- and microclimatic 
conditions as determining the composition of ant communities in 
particular localities. 
Some measure of relative abundance however provides a more 
accurate basis for such hypotheses. Cole (1933) compared ant 
communities of a semi-desert area of North America this way, as did 
Malozemova (1972) for steppe forest habitats in central Asia and 
Talbot (19651 for a lowfield in North America. In all the studies 
described so far qualitative comparisons between ant community 
composition and environmental factors were made. However, attempts 
to quantify the relationships have been made by Hayashida (1960, 
1964) and Yamauchi (1968) for several Japanese ant communities. 
They not only estimated relative abundance, but calculated distrib-
ution patterns of species with respect to habitat type, the degree 
of habitat preference shown by each species, and the relative 
complexity of the ant community in each habitat. These studies 
give an idea of how the preferences and requirements of individual 
ant species result in different community structures. Another 
quantitative approach was used by Brian (1964) in his study of ant 
distribution on a southern English heath. He reverted to using 
presence-absence data, but made detailed micrometeorological and 
plant composition measurements. Then by using principle components 
analysis he was able to determine which variables affected the 
distribution of the ant species. In this case soil moisture, soil 
nutrient status and the cooling effects of wind exposure appeared 
to be the principle environmental causes of distributional dissimil-
arity between species. With this basic information, the density 
and dispersion of the ant community was more closely examined in 
relation to the behaviour and ecology of the component species 
(Brian et al. 1965, 1966). 
There is still one important structQral attribute which 
has largely been ignored by previous studies on ant communities and 
that is the spatial arrangement of the constituent species within a 
particular habitat. Exceptions to this are the studies of the ant 
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fauna of Japanese grasslands (Yasuno 1963, 1964, 1965a, 1965b) and 
Italian grasslands (Baroni-Urbani 1969) which have demonstrated the 
importance of biotic interactions in determining community struc ture. 
Past work therefore suggests that ant community structure 
is determined by both physical and biotic factors . Accordingly, in 
the present study community organization of both the saltbush and 
grass plots is characterized by looking at s everal a ttributes -
species composition, relative abundance and species diversity, and 
spatial distribution. These are then discussed with respect to 
possible causative factors to try and understand how structure i s 
regulated within a community. 
3.2 Faunal list 
The cataloguing of the ant fauna from the "Emmet Vale" 
study sites was hampered by two factors. Firstly, due to the 
periodicity of seasonal activity, all species could not be 
collected at any one time. Behavioural characteristics such as 
epigaeic versus subterannean mode of life, diurnal or nocturnal 
activities and the type of nest structure also made some harder 
to collect than others. This was further complicated by the 
sporadic occurrence of the rarer species, so that a faunal list 
could only be built up over several seasons. In fact, as 
can be seen from Fig. 3.1 it cannot be confidently claimed that 
the list is complete; quite probably some rarer species remain 
undiscovered. 
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Fig.3.1. The rate of accumulation of ant species collected at 
11 Emmet Va 1 e 11 • 
A. Pheidote sp.1; major & minor worker 
(12 X) 
C. Pheidote sp.2; major & minor worker 
(12 X l 
E. Chetaner(rothsteini); monomorphic 
workers (16X) 
B. Pheidole sp.3; major & minor worker 
( 12 X) 
D. Chelaner{whitei); polymorphic 
workers (12X) 
Plate 3.1. The seed-harvesting ants found at "Emmet Vale". 
A. Iridomyl'ITle:c sp .1 (16 X) B. Camponotus sp. 2 (10 X) 
C • Odontomachus s p. ( 8 X) D. Camponotus sp.1 (lOX) 
E . Lioponera s p. (10 X) F. RhytidoponeI'a metat:lica (10 X) 
G. MeI'anoplus sp.1 (16Xl H. Melophorus sp. 1 (12 X) 
Plate 3.2. Several species of non-harvester ants found at "Emmet Vale'.' 
The second complicating factor is that only a small 
proportion of Australian ants have been previously described and 
many species cannot be identified beyond genus. This however is 
only a minor inconvenience when one is doing ecological work for 
one can discuss species by numbers within genera, provided that 
when identified in this way they are lodged in a museum collection 
for referral by future workers. Voucher specimens from this study 
have been placed in the Australian National Insect Collection at 
the CSIRO Division of Entomology in Canberra. 
Thirty-seven species were collected at "Ermnet Vale". The 
following check-list includes a brief description and relevant 
field notes on each species, and is intended mainly as a point of 
referral for ants mentioned in later chapters. As a further aid 
photographs of the more important species are shown in Plates 3.1 
and 3,2. 
1. 
FAMILY 
SUBFAMILY 
Formicidae 
Ponerinae 
Rhytidoponera metallica (Fr. Smith) - metallic green-black, 
ca. 5 mm long; scavenges and preys on small invertebrates while 
foraging solitarily within a territory about the nest; nests contain 
1-4 entrances and are not built up. 
2. Rhytidoponera convexa (Mayr) - irridescent black, ca. 7 nun 
long; foraging as for R. metallica; nests have a conical entrance 
up to 5 cm high and 5 cm across decorated with sticks and leaves. 
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3. Rhytidoponera mayri (Emery) - black, ca. 10 rrrrn long; 
f oraging behaviour as in the p~evious species, but larger items 
are taken; nests have large crater entrances up to 10 cm high and 
15 cm across wh ich are decorated with sticks, leaves etc. 
4. Odontomacnus sp. - jet black, ca. 10 mm long with long 
toothed jaws; preys on small invertebrates; nests form small mounds 
with 1 to 3 entrances and occasionally are covered in discarded 
prey fragments. 
5. Sphinctomyrmex sp. - ·reddish-brown, ca. 3 :mm long; it 
appears to lead a solely subterranean existence. The only 
observations of this species were of its predation on the larvae 
and pupae of a Chelaner (rothsteini) nest. The ants emerged from 
the nest entrance, but retreated immediately suggesting an aversion 
to surface activity. 
6. * Cerapachys sp. (genus is used sensu Brown 1973) - brown, 
ca. 8 mm long; probably a subterranean predator. The sole 
observation was of these ants raiding a nest of R. metallica in 
similar manner to that described for Sphinctomyrmex sp. 
SUBFAMILY Myrmicinae 
7. Oligomyrmex sp. - pale brown with a distinct major worker 
caste; minors about 1 mm long, the majors about 2 mm . Only one 
observation has been made, that of a nest gallery exposed while 
excavating a nest of Pheidole sp. 
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*Footnote: Liopone ra sp. (Plate 3.2 , pp.91 & 171) is synonymous with 
Cerapachys sp. as a result of a recent taxonomic revision by Brown (1973). 
8. 
jaws. 
Epopostruma sp. - dark brown, ca. 3 nun long with elongate 
Single workers have been collected on the ground surface 
twice, but no nest has been found. 
9. Mesostruma sp. - brown, ca. 3 mm long with slightly 
elongated jaws. Only one nest was located, but no foraging 
workers have been observed. This rare undescribed species is 
also known from the Canberra-Captains Flat area in South Eastern 
N.S.W. and is close to M. loweryi Taylor of the Gawler Ranges in 
South Australia (pers. com. R.W. Taylor). 
10. Xiphomyrmex sp. - brown, ca. 3 mm long; an omnivorous 
feeder, preying on small invertebrates and collecting seed; it 
forages solitarily; nests have small conical entrances which may 
be decorated with plant material. 
11. Crematogaster sp. - black, ca. 3 mm with sharply 
pointed gaster. Only one observation of a trail of workers was 
made, but the nest was not located. 
12. Monomorium sp. - pale brown, ca. 11/2 nun long; active 
nocturnally and forms dense trails to feeding sites; the nest is 
inconspicuous with entrances of small holes at the ground surface. 
13. Meranoplus sp·. 1 - brown, ca. 2nun long with dense body 
hairs and ornately sculptured head and thorax; a slow solitary 
20 
forager on the ground surface and has an omnivorous diet; nest 
entrances are merely holes in the ground making colonies difficult 
to locate. 
14. Meranoplus sp. 2 - brown, ca. 4 mm long of similar 
morphology to M. sp. l; forages on shrubs as well as the ground 
surface; nests are also similar to M. sp. 1. 
15. Meranoplus sp. 3 - ca. 4 mm long with black head and 
thorax and orange gaster; otherwise similar to M. sp. 2. Only one 
colony has been found and no observations on foraging were made. 
16. Pheidole sp. 1 - black, with distinct worker castes; 
minors are about 2 mm long, majors have enlarged reddish heads 
and are about 5 mm long. They are seed-harvesters and forage in 
trails; seed is carried back and stored in granaries within the 
nest, foraging being done almost entirely by the minor workers; 
laboratory observations show that the majors do not act as seed-
crackers as has been suggested for some Pheidole species (see 
Creighton 1966), but function as defenders. Nests have 1 to 4 
entrances commonly surrounded by small cones of discarded seed-
husk and chaff. 
17. Pheidole sp. 2 - black, with similar caste structure to 
Ph. sp. 1, but smaller; minors about 1.2 mm long, majors about 
3 mm; it is a seed harvester and trail forager, storing seed in 
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nest galleries; nests have single entrances and little, if any 
seed husk material is discarded around the hole, making nests 
less obvious than Ph. sp. 1. 
18. Pheidole sp. 3 - brown-black, intermediate in size to 
the two previous Pheidole species; minors ca. 1.6 mm, majors ca. 
4 nun; foraging behaviour and nest structure also similar to the 
other Pheidole species. 
19. Chelaner sp. whitei group - has enlarged black head, 
reddish thorax and orange gaster; workers polymorphic ranging 
from 3 to 6 nun. It is a seed-harvester and forages in trails, 
with larger workers predominating; seed is carried back and 
stored in nest galleries; nests are conspicuous because of the 
large mounds (up to 30 cm diameter) of compacted seed husk and 
earth around the nest entrance. This ant is referred to in the 
text as Chelaner (whitei). 
20. Chelaner sp.rothsteini group - ca. 21;2 mm long, brown 
or reddish-brown head and thorax and black gaster; no worker 
caste structure. It is a seed-harvester and forages in long 
trails (up to 40 m); seed is collected and stored in nest 
granaries; pebbles are also collected and used to decorate the 
nest, which may have 1 or more entrances. It is referred to in 
the text as Chelaner (rothsteini). 
SUBFAMILY Dolichoderinae 
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21. Tapinoma minutum (Mayr} - pale brown, ca. 1 nun long; 
one nest was found in a sandy soil patch; no observations on 
foraging behaviour were made. 
22. Tapinoma sp. 2 - yellow-brown ant, ca. 1 mm long; 
nocturnal, but no other observations made; nest entrance is 
merely a hole in the ground surface . 
23. Iridomyrmex sp. 1 - ca. 31/2 mm long, black gaster and 
reddish head and thorax; a scavenger which forages in trails 
both on the ground and in the shrub canopy, where it collects 
exudate from sap-sucking insects; territorial and forms 
extensive nest systems interconnected by trails. 
24. Iridomyrmex purpureus (Smith} - metallic purple, ca. 8 
mm long; a scavenger which forages along well-defined trails; 
occurs widely throughout Australia in its various forms (Greaves 
1971). This form is purpureus sensu strictu. Colonies are very 
populous, and large nest mounds, several metres in diameter, 
are built. Within the general area nests take two forms, flat 
pans in areas of reddish soil and raised domes up to 40 cm high 
on heavy grey clays. As the grey clays are not very permeable to 
water the raised mounds could be an adaptation to prevent nest 
inundation by free surface water. Both nest types are decorated 
with sticks, pebbles etc. 
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25. Iridomyrmex darwiniensis (Forel) - pale brown, ca. 1 mm 
long. This ant is nocturnal but little else is known about it. 
26. Iridomyrmex sp. 4 - blue-black, ca. 21/2 nun long; 
scavengers on the ground surface; one small single-entrance nest 
with no mound structure was seen. 
27. Iridomyrmex sp. 5 - blue-black, ca. 2 nun long. This ant 
is a trail forager, but no other observations were made. 
28. Iridomyrmex viridigaster (Clark) - ca. 41/2 mm long; 
reddish-blue coloration. One single-entrance nest was seen 
but no foraging behaviour observed. 
SUBFAMILY Formicinae 
29. Camponotus sp. 1 - yellow-brown, with a distinct heavily 
built major worker caste (up to 11 mm), and polymorphic minors 
(5-8 mm); nocturnal and forages solitarily; all the nests 
discovered (5) occurred in the patches of sandier top soil. 
30. Camponotus sp. 2 - all black or black with reddish thorax, 
showing similar caste polymorphism to C. sp. l; majors ca. 11 mm, 
minors from 5 to 8 mm; forages diurnally and solitarily on both 
the ground surface and saltbush canopy; nests have 1 to 6 
entrances , often with cylindrical earth cones up to 5 cm high 
around them. 
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31. Camponotus sp. 3 - yellow-brown, ca. 4 mm long; a 
solitary nocturnal forager; the nest also has a narrow cylindrical 
cone about the entrance which may prevent flooding from free 
surface water after rains. 
32. Camponotus sp. 4 - black, ca. 4 mm long; a solitary 
diurnal forager. 
33. Camponotus sp. 5 - long-legged black ant, ca. 6 nun long. 
Only one observation has been made, that of a single worker active 
on the ground surface. 
34. Melophorus sp. l - reddish thorax and head and black 
gaster; shows considerable worker polymorphism (range 11;2 - 6 mm); 
a fast-running species which is active in the hotter part of the 
day; omnivorous and foraging is carried out by many workers 
covering an area about the nest in a random pattern; the nest 
entrance is only a hole in the ground, but occasionally is 
decorated with sticks etc. 
35. Melophorus fulvihirsutus Clark - brown, showing worker 
size polymorphism (2-5 nun length). Two nests were found and both 
were built in mounds of the meat ant Iridomyrmex purpureus, which 
suggests a cleptobiotic relationship i.e. Melophorus is active at 
high temperatures when I. purpureus is quiescent and can forage 
unmolested over the mound surface. At other times the nest is 
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protected by the presence of I. purpureus workers. 
36. Melophorus sp. 3 - reddish head and thorax and black 
gaster; shows worker size polymorphism (range 3-8 mm); 
scavenges or preys on small invertebrates; foraging behaviour is 
similar to the other two Melophorus spp.; the nest has a small 
mound about 5 cm high and 10 cm across which is often covered 
in discarded remains of food. 
37. Polyrhachis sp. - black, ca. 7 mm long; mainly nocturnal 
and forages solitarily both on the ground surface and saltbush 
canopy. 
3.3 The Relative Abundance of Species 
3.3.1 Population censuses 
Several census techniques have been applied in studies 
of the relative abundance of an ant fauna; counting the number 
of individuals per time interval (Yamauchi 1968), the number of 
individuals collected in pitfall traps (Allred and Cole 1971, 
Greenslade 1973), the number of colonies found per time interval 
(Hayashida 1960) or the number of colonies occurring in a given 
area (Cole 1934a, Baroni-Urbani 1969, Conklin 1972). In this 
study relative abundance was determined by counts of the number 
of colonies in marked quadrats; no allowance was made for 
differences in biomass of individual colonies owing to the 
difficulty of obtaining such data. Colony density nevertheless 
is a valid parameter as only the structural aspect of the ant 
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community is being examined. If the importance of the species 
from a function viewpoint (i.e. in terms of energy flow and 
nutrient turnover) was being looked at, relative biomass would 
become a moot-point, but this is beyond the scope of the present 
chapter. 
The counts of colony number were made on the 500 m 2 
(20 x 25 m) saltbush and grass plots at monthly or bimonthly 
intervals from late winter 1971 to late autumn 1973, a total of 
eight seasons. The positions of the colonies were determined by 
triangulation against permanent marker posts using a prismatic 
compass. From these distribution maps could be constructed and 
these are shown in Figures 3.2 to 3. 7. 
3.3.2 Measurement of species diversity 
For comparative studies it is often useful to have a 
single measure to describe the diversity of a community. The 
simplest one would be the species richness or total number of 
species, but this does not take into account species abundance 
patterns. Because of this, several more sophisticated measures 
have been suggested which weight the contributions made by species 
to overall diversity according to their relative abundances (see 
Pianka 1966, Krebs 1972). The most commonly used of these 
indices is the Shannon-Wiener function (Shannon and Weaver 1949) 
which is based on information theory, where diversity is found 
by the equation: 
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Fig. 3.2. Distribution of the colonies of the harvester ants 
in the saltbush plot. 
Pheidole sp .1 • 
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Pheidole sp.3 0 
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Fig.3.3. Distribution of the colonies of the non-harvester 
ants in the saltbush plot. 
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Fig. 3.4. Distribution of colonies of the harvester ants 
in the grass plot. 
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Fig. 3.5. Distribution of colonies of the non-harvester 
ants in the grass plot. 
*I r idomyrmex sp .1 • Meranoplus sp. l 0 
I. sp.4 + Mer . sp.2 0 
I . darwiniensis Ir Melophorus sp .1 Ml 
Camponotus sp .1 I) Mel . sp.3 M2 
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* Trails between nests of Iridomyrmex sp.l are shown; 
each network represents a colony complex. 
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Fig. 3.6. Foraging trails used by colonies of Phei dole sp.l 
in the saltbush plot, during the study period . 
Fig. 3.7. Foraging trails used by colonies of Chelaner 
(rothsteini ) (~) and Chelaner(whitei ) (---) 
in the saltbush plot, durig the study period. 
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H' = -[p. ln P. 
i=l1 1 
where p. is the proportion of individuals in the ith species. 
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As Whittaker (1972) has pointed out, there is no a priori reason 
t o interpret diversity as information or uncertainty. The index 
however has two advantages. It is independent of any hypothetical 
distributions, and the effect of extremely dominant or rare r 
species is somewhat damped which makes it relatively independent 
of sample size. The relative merits and drawbacks of H' are 
discussed in greater detail by Whittaker (1972), Pie lou (1966a) 
and Hurlbert (1971). This index is used in the present study, 
but it should be remembered that it is only of use as a comparative 
parameter. The value of H' per se is biologically meaningless. 
One property of H' is that, for a given number of specie s, 
it is maximized when individuals are distributed equally amongst 
species. Thus it is desirable to have some measure of the 
evenness of distribution to aid the interpretation of the species 
diversity index. Such an estimate has been proposed by Pielou 
(1966b) where evenness (J') is calculated by :-
J' 
H' 
= ln s 
where s = the number of species and ln s is the maximum value 
of H' for this. 
Thus when comparing ant communities in this study, all 
three parameters (overall diversity as measured by H', species 
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richness and the evenness of distribution) will be used, so 
that the interpretation of diversity differences may be as clear 
as possible. 
3.3.3 Composition of the ant community 
Of the 37 species of ant collected from the general study 
area 22 were represented by colonies in the saltbush and a further 
5 were observed in the quadrat without nests being found. In the 
gras s plot 17 species were domiciled and 6 found without nests. 
A total of 195 nests were marked over the census period in the 
saltbush plot and 161 in the grass plot. The relative abundances 
of the various species is shown in Table 3.1. 
Although more species were domiciled in the saltbush than 
the grass plot, all except the seven rarest species had been found 
in both vegetation types during the general collection of specimens. 
Jtcan also be shown by Spearman rank-correlation analysis (see 
Siegel 1956) that there is no significant statistical difference 
between the species compositions of the two populations. 
(Correlation coefficient r = 0.69, probability of difference 
s 
P < 0.01). This suggests that the populations originate from the 
same ant community, and despite a fairly major change in vegetation 
structure (i.e. the removal of the shrub layer through overgrazing), 
the species structure has not been drastically altered. 
The estimation of diversity confirms this (H~ saltbush = 
2.414, H~ grass= 2.472). The slightly higher diversity of the 
grass plot is due to thegreater evenness of distribution of the 
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TABLE 3.1 The relative abundance of ant colonies 
in the saltbush and grass plots. 
Species 
Pheidole sp. 1 
Ph. sp. 2 
Ph- sp. 3 
Chelaner (whi tei) 
Ch. (rothsteini) 
TOTAL HARVESTERS 
Meranoplus sp. 1 
Meranoplus sp. 2 
Iridomyrmex sp. 1 
I. darwiniensis 
I• Sp. 4 
Rhytidoponera metallica 
R. convexa 
Camponotus sp. 1 
C. sp. 2 
C. sp. 4 
Odontomachus sp. 
Melophorus sp. 1 
M. sp. 3 
Xiphomyrmex sp. 
Polyrhachis sp. 
Monomorium sp. 
Tapinoma minutum 
T. sp . 2 
TOTAL NON HARVESTERS 
TOTAL ANT COLONIES 
Diversity (H') 
Species richness 
Species eveness (J') 
Saltbush 
42 
8 
19 
9 
2 
80 
14 
2 
48 
2 
1 
11 
8 
3 
8 
2 
1 
2 
6 
1 
3 
1 
2 
115 
195 
2.414 
22 spp. 
0.781 
Grass 
26 
11 
26 
9 
14 
86 
11 
1 
19 
9 
12 
3 
1 
11 
3 
1 
2 
2 
75 
161 
2.472 
17 spp. 
0.872 
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ant species than in the saltbush plot (J' = 0.872 and 0.781 
r espectively), even though species richness is less (.17 and 22 
species respectively). This is because the most common species 
have not been able to establish the nwnerical dominance in the 
grassland that they have in the saltbush plot. An attempt to 
explain this and other differences which exist between the 
populations of the two plots will be made in Sec tion 3.5. 
3.3.4 Comparison of ant communities of several 
habitats 
To compare ant fauna! diversity between this site and 
sites examined by other workers is a difficult task, especially 
when one considers that it is highly probable that not all the 
species have been collected from the areas. As has been mentioned, 
the Shannon-Wiener index of diversity (H') is relatively 
independent of sample size, and so is a useful parameter for such 
comparisons. From data of other studies, H' has been calculated 
along with the species evenness (J') and species richness. These 
have then been compared with the results of the present study, 
and with each other to see if there are any common factors or 
major differences between ant communities of different regions 
(Table3.2). 
This table lists several habitat types in order of 
increasing vegetational complexity. rt shows that when compared 
with structually similar habitats, the ant fauna of both the 
saltbush and grass plots show a greater diversity than the ir 
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TABLE 3. 2 Comparison of ant species diversity of severa1 habitats 
Habitat Size of study Colony * Species Number ** Species 
Source of Data 
area density diversity (H,) of species Evenness 
Semi-arid grassland, 
500m2 S.E. Australia 32.2 2.472 17 (23) 0.872 present study 
GRASS temperate grassland, 2 
central USA 10,000m 0.3 1. 706 8 0.849 
Conklin (1972) 
temperate herb and 
250m2 grass meadow, Japan 39.2 2.097 11 (13) 0.874 Yamauchi (1968) 
Semi-arid saltbush 
plain, S.E. Australia 500m
2 39.0 2.414 22 (27) o. 781 present study 
SHRUB 
semi-arid sagebrush 
area, S.W. USA 25,900m
2 0.6 2.392 15 0.883 Cole (1934) 
wood-meadow margin 
10,000m2 central USA 0.8 2.071 14 0.785 
Conklin (1972) 
FOREST 
EDGE scrubby wood margin, 
250m2 Japan 48.8 1.813 10 (13) 0.788 Yamauchi 
(1968) 
forest area, 
10,000m2 central USA 2.1 2.241 16 0.808 
Conklin (1972) 
OPEN 
FOREST forest area Japan 250m
2 46.4 1.436 6 (8) 0.801 Yamauchi (1968) 
* 
Colony density= no./lOOm2 w 
IV 
** 
bracketed figures include species seen without colonies being found. 
counterparts in other geographic regions. Furthennore, they are 
more diverse than some sites which have a structurally more 
complex vegetation, such as forests and woody margins. Prior 
studies have pointed to a direct correlation between the structure 
of vegetation and diversity of fauna in several groups e.g. birds 
(MacArthur and MacArthur 1961, Cody 1968), desert lizards 
(pianka 1967) and species of homoptera (Murdoch et al 1972). The 
data of Conklin (1972) also shows trends of increased diversity 
in ants with increased vegetational complexity from a meadow to 
a forest habitat, but that of Yamauchi (1968) showed an inverse 
correlation. In the present study diversity in the grass plot 
remained much the same, even though one major vegetational 
component (the shrub layer) had been removed through overgrazing. 
The shrubs had been replaced by an increase in ground flora and 
thus structural complexity remained simpler. It is worth 
emphasising here that the aspect of vegetation being considered 
is structure, not compositional diversity. However, as there was 
no marked change in the diversity of the ant fauna between the 
two areas, no formal measure of either parameter was made. Thus, 
from the three studies mentioned, there appears to be no definite 
trend in relationship between ant faunal diversity and structural 
complexity of the vegetation. 
Climatic differences may explain some variation between 
geographic regions, as comparisons were in some cases made between 
semi-arid and temperate habitats (owing to the paucity of data 
from other semi-arid areas). The very low colony densities on the 
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American sites also present a problem, and possibly occur because 
censuses were taken over much larger areas, and perhaps as a 
consequence with less thoroughness. Nevertheless, more species 
could be _expected to be found as the size of the s tudy area 
i ncreases, so that species counts from these studie s would be 
r eliable. The differences in diversity are due largely to a 
greater species richness on the Australian sites, a s speci es 
evenness values are similar over the range of habitats. This 
suggests that there has been greater speciation in the fauna of 
s emi-arid Australia, and shows the importance of evolutionary 
events in providing a supply of organisms on which selection 
may act to structure communities. ·The richness of ant species 
of semi-arid Australia has also been noted by Greenslade (1973a, 
1974a) who collected 128 species from a 100,000 m2 area in semi-
arid South Australia. Taylor (1972) commented on the large 
diversity of the insect fauna as a whole of this region, while 
pointing out that the study of the evolution of this diversity 
is a neglected field of Australian biology. Some discussion 
has been made by Brereton et al (1969) who noted that Australia 
underwent successive phases of aridity and wetness and suggested 
t hat "in extremely arid times, areas on the periphery of the 
continent (which were topographically favourable to increased 
r ainfall) would support only forms adapted to semi-arid conditions, 
and those adapted to cold and wet or warm and wet places would 
either become extinct or themselves adapt to semi-arid conditions. 
When the continent became less arid, the semi-arid adapted forms 
of the isolated refuges would be able to increase their range 
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and ultimately remeet. Competition, sharing, and mutual adaptation 
would occur depending on circumstances and chance." 
3.4 Spatial Distribution 
3.4.1 Methods 
Several methods are available for the detection and de-
scription of distribution patterns, and these have mostly been 
derived from phytosociological studies (see Greig-Smith 1964). 
Basically there are two separate approaches, the one depending on 
relative distributions of individuals occurring in quadrats, as 
opposed to plotless techniques which make use of point-to-point 
distances. A serious criticism of the former methods is that the 
result is influenced by the size of the sampling unit and hence 
pattern may be detected at one scale but not at another. For this 
reason none of these methods were considered, and a plotless one 
was preferred. These point-to-point methods were developed 
primarily for the study of plant conununities, and hence are most 
readily applied to stationary, discrete and easily mapped organisms 
(Southwood 1966). This makes them ideal for looking at patterns 
in ant colonies, and they have been used successfully in such 
studies (see Waloff and Blackith 1962, Yasuno 1964). There are 
again two types of approach, either being based on the mean dist-
ance of a random point to the nearest individual, or alternatively 
the mean distance between an individual and its nearest neighbour. 
However both methods depend on the equivalence of this value to 
that found in a theoretical random distribution. 
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The method chosen for this study is the nearest-neighbour 
analysis devised by Clark and Evans (1954), in which the mean 
distance from individual colonies to their nearest neighbour (;) A 
is tested against the mean distance of an infinitely large popula-
tion of the same density and randomly distributed (rE). This value 
can be found by the equation 
1 
2/p 
where pis the density and is calculated from the number of 
individuals per unit area of the study site. The ratio of observed 
to expected mean distances 
R = 
provides a measure of the distribution pattern, and ranges from 
O when there is maximum aggregation to 2.149 when the distribution 
is completely regular. A value about 1 indicates randomness. The 
significance of departure from randomness can be tested by deter-
mining the standard variate 
C = 
where crr is the standard error of the mean distance in the 
E 
theoretical random population. Since the analyses of spatial 
pattern in the present study were based on fairly small sample 
sizes, the levels of significance were determined using the 
Pearson III distribution, tables for which are given by Pearson 
and Hartley (1966). This was used rather than a normal t-test 
because the distribution of nearest-neighbour distances in a 
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randomly dispersed set of points becomes skewed when the number is 
small (Clark and Evans 1954). 
The inter-neighbour distances used to examine intra-
specific patterns of ant colonies were calculated from the 
distributions shown in Figs. 3.2 to 3. 5. Densities were calculated 
from the number of colonies in the respective quadrats, and hence 
strictly speaking the patterns described from the analyses apply 
only within the confines of the 500 m2 quadrats. However, 
inasmuch as there is agreement between the quadrats used (see 
Tables 3.3 to 3.7) it seems reasonable to suggest that the same 
trend in spatial distribution of the ants occurs over the study 
area as a whole. 
The examination of spatial relationships between species 
proved more difficult. Although several methods incorporating 
both quadrat and point-to-point measurements have been used (see 
Pielou 1969) they seem able only to detect association or segrega-
tion when species occur in clumped patterns. Hence, they would be 
insensitive to more subtle spacing effects that might occur even 
though the two populations were interspersed. For example, if one 
species of ant affected the distribution of another, one might 
expect to find a non-random distribution of the colonies of species 
A with respect to species B, but unless one or both species showed 
a clumped distribution the methods described by Pielou would over-
look this. 
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In order to see if such influences did exist, the nearest-
neighbour method of Clark and Evans (1954) was slightly modified. 
The observed mean distance (rA) became the distance between a 
colony of species A (the species with the lesser number of colon-
ies) and its nearest neighbour of species B. The expected mean 
distance (rE) was calculated from a theoretical random population 
of density equal to the combined densities of species A and B. If 
no interspecific influences existed the ratio rA/rB would be 
expected to be 1, but if the species negatively influenced each 
other, interspecific nest distances would be greater than those 
expected to occur at random, and the ratio would be more than 1. 
By similar argument, if association between species exists a 
value of less than 1 would occur. The advantage of this method 
is that it will detect these interspecific spacing effects even if 
the populations being considered have a relatively homogeneous 
distribution. 
3.4.2 Intraspecific pattern 
Table 3.3 shows that in both saltbush and grass plots, 
when the total ant fauna is considered the spatial distribution 
of colonies forms a random pattern. This also applies when the 
two major groupings of harvester and non-harvester ants are 
treated separately. The quadrats were selected because there were 
no major variations in either vegetation structure, topography or 
soil type over the plot. Therefore, as no real pattern occurs in 
the physical habitat the randomness of colony distribution would 
be expected. By reducing the physical variability the effect of 
biotic factors, such as intra- and inter-specific interactions, 
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N 
p 
rA 
rE 
R 
C 
Significance 
Pattern 
TABLE 3.3 Pattern analyses of the ant fauna~ 
Total fauna Harvester ants Non-harvester ants 
SB G SB G SB G 
80 60 50 60 50 40 
0.380 0.322 0.160 0.172 0.230 0.150 
0.84 0.90 1.23 1.27 1.06 1.36 
0.81 0.88 1.25 1.21 1.04 1.29 
1.03 1.02 0.98 1.05 1.02 1.05 
0.51 0.34 0.22 0.74 0.39 0.66 
N.S. N.S. N.S. N.S. N.S. N.S. 
random random random 
* The symbols used in this and following tables are: 
SB = Saltbush plot G = Grass plot 
N 
p 
R 
C 
= 
= 
= 
= 
number of nearest-neighbour measurements 
colony density {No. /m2) 
observed mean distance 
expected mean distance 
distribution index 
standard variate of the distribution 
N.S.= not significant departure from random 
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TABLE 3.4 Intraspecific pattern analyses of ants. 
HARVESTER ANTS NON-HARVESTER ANTS 
Chelaner Chelaner Pheidole Pheidole Pheidole Meranoplus Rhytido- Rhytido- Odontom- Iridomyrmex 
(whitei) (roth- sp. l sp. 2 sp. 3 sp. l ponera ponera achus 
steini) metallica sp. 2 sp. sp. l 
SB G SB G SB G SB G SB G SB G SB G SB G SB G SB G 
N* 10 9 14 40 25 7 12 18 25 14 11 10 9 8 12 11 40 19 . 
p 0.020 0.018 0.028 0.084 0.052 0.016 0.024 0.038 0.052 0.028 0.022 0.020 0.018 0.016 0.024 0.022 0.180 0.038 
-
rA 2.42 2.95 3.74 2.35 2. 72 4.64 3.35 3.08 3.15 3.95 4.31 4.21 4.33 6.33 4. 71 3.51 1.33 2.29 
- 3.55 3.73 2.99 1. 72 2.15 3.95 3.23 2.56 2.19 2.99 3.37 3.55 3.73 3.97 3.23 3.37 1.61 2.57 rE 
R 0.68 0.79 1.26 1.36 1.26 1.17 1.04 1. 20 1.44 1. 32 1.28 1.19 1.16 1,59 1.46 1.04 0.83 0,89 
C l. 93 l. 20 1. 79 4.42 2.49 0,98 0.2S l.63 4.15 2,30 l.76 1.13 0.92 3.24 4.05 0.26 2.11 0.91 
Signif-
icance P<.05 N.S N.S P<.02 P<.05 N.S N.S N.S P<.02 P<.05 N.S N.S N.S P<.02 P<.02 N.S P<.01 N.S 
Pattern Aggregated Random Dispersed Random Dispersed Dispersed Random Dispersed Random Aggregated 
*For meanings of symbols see Table 3.3 
,&:> 
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could be more easily investigated. Such influences among the 
individual ant species would be masked when one is dealing with 
large groups of species simultaneously, so to determine if any 
such sub-patterns did exist pattern analyses were carried out on 
five species of harvester ant and five species of non-harvester. 
The results of these are shown in Table 3.4 and show that while 
combined colony patterns may have a random distribution, when the 
species are considered individually different subpatterns emerge. 
Within the non-harvester group, Meranoplus sp.l and both 
Rhytidoponera spp. show patterns with a tendency toward over-
dispersion (although for R.metallica it was not significant at 
the 5% level). These species show similar behaviour in that they 
forage solitarily within fairly well defined areas about their 
nests, suggesting they are territorial. In fact in both species 
of Rhytidoponera fighting between ants from neighbouring colonies 
has been observed. Such territorial behaviour and intolerance of 
conspecifies could be expected to result in over-dispersion and 
hence a more regular spacing of the nests. Territoriality has also 
been recognized as a spacing mechanism for ants in Scotland (Brian 
1956). Furthermore, while the two species of Rhytidoponera have 
similar nest densities, R.convexa shows a greater degree of over-
dispersion than R.metallica. The former ant is larger and forages 
over a greater area, which suggests that size of territory may be 
important in determining at what densities dispersive pressures 
are felt. Waloff and Blackith (1962) have also shown that with the 
ant Lasius flavus (F.) in Britain spacing can be random at low 
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densities but more regular at higher densities . This could possi bly 
explain why Odontomachus sp. which shows the same territorial 
behaviour has a random nest-distribution in the grass plot. 
The remaining non-harvester Iridomyrrnex sp.l was shown t o 
have an aggregative pattern. It too is territori al, but differs 
from the previous species in that it is a trail forager, shows a 
high degree of group cooperation and communication and forms 
systems of nests linked by surface trails (see Fig. 3. 3 ). New 
nest holes are founded by budding from an old one, usually near 
a new food source, and this type of nest establishment has led to 
the aggregative distribution. Such colony patterns have been 
found in several species of Japanese ants which propagate in a 
similar manner (Yasuno 1964). It is probable that the spacing of 
the actual nest-systems would be more regular as with the other 
territorial species, but this could not be determined on the scale 
at which pattern was analysed in this study. 
The harvester species also span the range of possible 
spatial patterns. Both Pheidole sp.l and Phei dole sp.3 show over-
dispersed distributions, Pheidole sp.2 and Chelaner (ro t hsteini) 
are spaced randomly, and Chelaner (whitei) shows nest aggregation 
despite having a relatively low nest density. The harvester ant 
species do not show the same territorial behaviour that has been 
described for the non-harvesters. No specific territories are 
defended by the ants, but rather foraging trails extend to some 
specific food source (e.g. under an Atriplex vesicaria bush). 
These food sites and trails change with time, so that in effect 
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there is a system of fluctuating and overlapping "home ranges" 
rather than discrete territories. The ants still remain intolerant 
of conspecifics, but, because of the diffusiveness of their forag-
ing areas, territory per se cannot be invoked as a spacing mechanism 
here. However, the situation is made clearer by an understanding 
of colony foundation in these species. 
As mentioned previously, Chelaner (whitei) has both low 
density and nest aggregation. However, when founding a new nest, 
no mating swarms with the subsequent dispersal of winged females 
occur. Instead the females emerge from the nest and are mated 
there by waiting males who have flown in from surrounding nests. 
They then either wander off to look for a nest site or return to 
the maternal nest and leave at a later date. One female was 
fol lowed and observed digging a new nest cell a distance of 3.10 m 
from the maternal nest, which was again less than the mean distance 
expected for random spacing (3.73 m). Such a method of colony 
initiation could conceivably lead to aggregations of nests. 
The Pheidole spp., however have greater densities and 
release alate sexuals which mate in swarms. The subsequent dis-
persal of these winged queens could be assumed to occur as a random 
"fall-out" over the quadrat. Although no specific territories are 
defended, the ants are intolerant of conspecific colonies, and on 
two occasions after mating swarms Pheidole queens were observed 
being attacked by trails of Pheidole workers. This would lead to 
the over-dispersion of colonies at the time of foundation. 
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Pontin (1960, 1961) also found that in two closely related 
species of Lasius, newly-mated conspecific queens were attacked and 
killed. Furthermore, queen-production in nests was reduced by 
decreasing inter-nest distances. This suggested that i nterspecific 
competition could act to stabilize populations . An examination of 
the areas foraged by individual nests of Pheidole sp.l in the salt-
bush plot shows that the colonies are tightly packed (Fig. 3. 6 ), 
which together with the information on pattern and observations on 
intraspecific hostilitysuggests population pressure maybe limiting 
colony density in this species. On the other hand, Pheido le sp.2 
which has relatively low densities still has a random colony 
distribution. 
Chelaner (rothsteini) also shows a random distribution in 
the grass plot, despite the fact it forms new colonies in a similar 
fashion to C. (whitei). However, there is one major difference in 
that there is complete nest fission in C. (rothstei ni ) (see Appendix 
3) with .workers ants leaving with the new queens. These ants 
trave l much longer distances than C(whitei) - up to SO m compared 
to 5-10 rn - and because of this nest aggregations do not occur. 
As Yasuno (1965a) has pointed out, there are broadly two 
kinds of intraspecific competition; the competition among exist-
ing nests themselves and between the existing and the newly 
founded nests. In the case of the harvester ants such as Pheido le 
sp.l, once the colonies are established they appear to be quite 
stable, as little change in number or position of nests occurred 
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over the length of the study. Assortative and spacing mechanisms 
of colonies occurred mainly in the founding stages, suggesting 
that competitive pressures here are mainly by existing nests on 
incipient nests. However, once established, ant colonies "may 
further assort themselves through population pressure largely 
dependent on the success with which they exploit their immediate 
resources and their potentiality for aggression" (Brian 1964). 
This seems to be the case with Rhytidoponera spp. as their nest 
positions and numbers have not remained quite so stable - several 
instances of nest site shifting or abandonment having been 
recorded. They seem to be more susceptible to perturbations and 
direct interference by other ants which suggests that the factors 
l eading to overdispersion in these species may also be a result 
of interactions between colonies that have already become 
established. 
The aggregative patterns observed also seem to have 
different origins. In the case of Ch.(whitei) it is through the 
formation of new and independent nests by newly-mated queens who 
do not travel far from their original colony. Iridomyrmex 
develops aggregated distributions through the extension of a 
multi-nest system by an already established colony. The overall 
inference is that there may be several different biotic mechanisms 
and interactions which could lead to the formation of any particular 
spatial pattern. 
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3.4.3 Interspecific pattern 
Communities consist of an assemblage of many species in a 
given habitat and as such may interact with each other in a 
variety of ways. It is possible that such interspecific inter-
actions could contribute to the spatial pattern within an ant 
community, as has been suggested by Brian (1956). To investigate 
this, pattern analyses were carried out on several species pair-
i ngs in both saltbush and grass plot, using the modified Clark-
Evans method previously described. 
Table 3.5 shows the results of these analyses for inter-
actions between species of harvester ant. The first pair con-
sidered were Pheidole sp.l and Pheidole sp.3. These are 
morphologically quite similar, although Pheidole sp.3 is slightly 
smaller (worker size ca. 1.6 mm compared to 2.0 mm). They also 
overlap considerably in their behaviour, notably in activity 
period (see Chapter 4 for details) and food selection (see Chapter 
5). Observations of interspecific hostility suggest that some 
degree of competition exists between these two species. Creighton 
(1966) also reported interspecific antagonism between American 
species of Pheidole, and Pickles (1944) has shown that aggression 
by the African harvester ant Messor aegyptiacus on the closely 
related M.barbarus can result in shifting of M.barbarus nests. 
The pattern analyses in this study also provide evidence that 
interspecific hostility can affect spatial distribution, as the 
nest positions of each species are over-dispersed relative to the 
other species distribution. There is no strong segregation into 
clumped patterns - the two populations being interspersed - so it 
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Interacting 
Species 
N* 
p 
-
rA 
r 
E 
R 
C 
Significance 
Pattern 
TABLE 3.5 
Pheidole 1 
Pheidole 3 
SB G 
19 22 
0.122 0.104 
1. 77 2.11 
1.43 1. 55 
1. 24 1.36 
1. 98 3.24 
P < .05 P<.02 
dispersed 
Interspecific pattern analyses 
(a ) inter a ct i ons bet ween s pecies of harvester a n ts . 
Pheidole 1 & 3 
Pheidole 2 
Pheidole 1 & 3 Pheidole 1 & 3 Chelaner (whitei) 
Chelaner (whitei) Chelaner (rothsteini) Chelaner (rothsteini) 
SB G SB G SB G SB G 
8 11 10 8 14 8 
0.138 0.126 0.122 0.140 0 . 132 0.046 
1. 24 1.42 1. 54 1.41 1. 32 2.01 
1. 35 1.41 1.43 1. 34 1. 38 2.33 
0.92 1.01 1.08 1.06 0.96 0.86 
0.44 0.05 0.46 0.28 0.31 0.74 
N.S N.S N.S N.S N.S N.S 
random r andom random random 
* For me an i ngs o f s ymbol s s ee Table 3 .3 
,i,. 
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would appear that the species react to each other as they would 
to conspecifics. Thus, inter- as well as intraspecific mechanisms 
are determining their spatial distributions. If these mechanisms 
also tend to limit colony density as has been previously suggested, 
the combined density of Pheidole spp. 1 and 3 would be expected 
to remain fairly constant regardless of the relative composition 
of the two species. The data for this is scant but does suggest 
it may be the case (Table 3.6). 
TABLE 3.6 Composition and density of 
Pheidole spp. 1 and 3 populations 
Quadrat 
Saltbush 
Grass 
*Quadrat C 
Number 
Pheido le sp. 1 
42 
26 
37 
of nests 
Pheidole 
19 
26 
18 
Density 
sp.3 2 (No/m ) 
0.122 
0.104 
0.110 
*Quadrat C is a 500 m2 plot in a heavily grazed grass area, 
which was surveyed only for Pheidole spp. populations (see 
Fig . 2.lt for position). 
In analysing the affect on other harvesters therefore, 
these two were grouped together. However, they appear to have 
little influence on the distributions, the nest positions being 
spaced randomly with respect to each other. In fact the Pheidole 
spp. 1 and 3 interaction was the only one detected that had any 
affect on nest pattern. The other harvester species are more 
distinct morphologically and ecologically though (see Chapter 6), 
and also do not show any antagonism on meeting, which could 
explain the absence of interspecific influence on their spatial 
Patterns. 
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Ant species tend to sort themselves into dominance 
heirarchies, and Brian (1952), Yasuno (1965a) and Brian et aZ. 
(1966) have all shown that a dominant ant is able to influence 
the distribution of subordinate species. In southern and central 
Australia ants of the genus IridomyY'TTlex are dominants and 
Greenslade (1972) has suggested that the colony llK)Saic of these 
species sets the framework within which any local association of 
ants must develop. IridomyY'TTlex sp.l is the most abundant ant in 
the study site (in terms of biomass and number) and in view of the 
possible importance of its role in shaping the remainder of the 
ant community, the distributions of other species and species 
groups relative to the distribution of IridomyY'TTlex sp.l have been 
examined (Table 3.7). 
Species 
affected 
N* 
p 
rA 
rE 
R 
C 
Signif-
icance 
Pattern 
TABLE 3.7 
Camponotus 
sp. 2 
SB 
8 
0.100 
2. 72 
1. 58 
1. 72 
3.90 
P<0.02 
dispersed 
* 
Interspecific pattern analyses 
b) the effect of IridomyY'TTleX sp.l on the 
colony distribution of other ant species 
Large non-harvested Harvester ants 
ants 
SB G SB G 
20 15 40 18 
0.138 0.102 0.256 0.210 
1.85 2.20 1.13 0.99 
1. 35 1.57 0.99 1.09 
1. 37 1.40 1.14 0.93 
3.18 3.44 1. 71 0.74 
P<0.05 P<0.05 N.S. N.S. 
dispersed random 
For meanings of symbols see Table 3.3 
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Cconponotus sp . 2 has a common activity period and common 
behavioural traits as Iridomyy,mex sp.l (in that both forage on the 
actual saltbush as well as the ground surface). Hence the chances 
that workers of each species will come into contact are quite 
high. However, when they do the solitarily foraging Cconponotus , 
despite its size advantage, is easily driven from food s ources by 
the more aggressive Iridomyrrnex workers, who forage in densely 
populated trails. This continual interference and monopoly of 
food sources seems to prevent the successful establishment of 
Camponotus nests near Iridomyrrnex colonies, and leads to the 
resultant distribution pattern in which the colonies of the former 
are overdispersed relative to those of the latter. The other 
large non-harvester species (e.g. Rhytidoponera spp.) do not for-
age in the saltbush, but their activity periods also overlap with 
and they collect similar food items to the ground foraging 
Iridomyy,mex. Furthermore, solitary workers of these larger ants 
also submit in encounters with the aggressive Iridomyy,mex. It 
has been mentioned previously that these species are sensitive to 
perturbations and nest tenancy is not very stable, which suggests 
that the overdispersive pattern of these species with respect to 
Iridomyrmex is also due to the interference with and dominance of 
the former by the latter. 
The relationship between IridomyY'l71ex and the harvester 
ants however presented a different picture, as the mean inter-
specific nest distances did not differ significantly from random. 
This was not unexpected though , as they do not compete for food 
requirements (the one group collects seeds, the other is a 
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scavenger-nectarivore) nor do the harvesters appear disturbed by 
encounters with Iridomyrrnex workers. Thus, reduced competit i on 
and indifference to physical interference enables t he harvester 
ant species to establish their nests independent of the effects 
of Iridomyrrnex sp.l. 
The interspecific interactions described in thi s 
particular community have led to dispersive distributi ons , but 
again more than one mechanism seems to be applying . Iridomyrmex 
sp. l can cause the spacing out of nests of competing spec i es 
because it has a greater potential for aggression and can domin-
ate them. Pheidole spp. 1 and 3 on the other hand, appear to 
treat each other as equivalents which leads to interspecific 
dispersion for the same reasons that intraspecific patterns are 
found in the individual species. Thus, there appear to be a 
variety of biotic mechanisms, both inter- and intraspecific which 
combine to form systems of spacing arrangements and subpatterns. 
3.5 Other mechanisms affecting ant community structure 
The importance of intra- and interspecific inte ractions 
in affecting the physical structure of the ant community has been 
shown. This section describes several other me chanisms which may 
affect the way the community is presently arranged, including 
t hose which could not be properly examined at thi s study site, s uch 
as climate and soil type, both for the sake of comple teness and 
be cause they are known to be important from other studies. 
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3.5.1 Climate 
Over a wide geographic area climatic variables are 
undoubtedly important as they would set the tolerance limits in 
which particular ant species could live. The most important in 
this regard seem to be moisture and temperature; Gaspar (1972) 
has shown them to be the main factors affecting the distribution 
of European ants, and Brian (1964) has demonstrated the importance 
of moisture in the distribution of heath ants using multivariate 
techniques. For Australian ants, Greenslade (1973) has suggested 
differences in temperature relations influence the structure of 
arid zone species. However, on a microscale such as the "Emmet 
Vale" study site the influence of climatic variables on overall 
ant demography was minimal. Nevertheless, the effect on the 
assemblage of ants active at any one particular time was important. 
This meant that the ant community structure appeared different if 
observations were made in different seasons, and necessitated 
making a series of censuses over a full range of seasons before 
the complete community picture could be determined. The influence 
of climate on this temporal change in community structure is 
discussed in detail in Chapter 4. 
3.5.2 Soil type 
Being ground dwelling animals one could expect soil types 
to be quite important in determining ant distribution and abundance. 
Kirkham and Fisser (1972) carried out a multivariate analysis of 
environmental characteristics against harvester ant (Pogonomyrrnex 
occidentalis) density, and found soil texture to be important; 
more colonies occurring in sandy soils. They suggested this was 
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related to the ease of colony foundation in the lighter soils as 
opposed to the heavier clays. Greenslade (1973) found that in the 
Australian arid and semi-arid regions, richer and more dense ant 
f aunas were associated with sands than heavy soils. Conversely, 
some species such as the meat ant IridomyT'!11ex purpureus do not 
occur in sands or structureless soils, preferring heavier, more 
textured soils (Greaves 1971, Greenslade 1974c) . Since the soil 
at the site is virtually a uniform grey clay, the effect of major 
changes in soil type could not be examined in this present study. 
As a final point, Greenslade (1974a), from a study on ants of a 
semi-arid site in South Australia, found that although soil type 
influenced distribution it was of minor significance in 
ecological separation of the species, as those restricted to clay 
sites still foraged on sandy areas. 
3.5.3 Predation 
Paine (1966) on the basis of studies of intertidal marine 
communities, has put forward the hypothesis that predators can 
influence local species diversity by preventing single species 
from monopolizing a resource, which lowers competition and allows 
the existence of other prey species. No specific experiments on 
predation were carried out, but from data collected in the field 
the situation at "Emmet Vale" does not appear as clear-cut as the 
communities studied by Paine. 
The most vulnerable stage of an ant colony is the actual 
founding and establishment of the colony - once developed their 
survival rate is very high. In this regard the effect of preda-
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tion on worker ants from established colonies has a negligible 
i nfluence on changes in colony density or species structure. No 
predator capable of destroying entire nests exists in the area, 
and the others (chiefly ground dwelling arachnids - both 
Lycosidae and Salticidae - and other predatory ants) seem only to 
have a culling effect on ant populations. These predators are 
usually generalists with regard to ant prey, although there was 
one instance of apparent prey specificity. This was a small 
salticid spider which lived on or near the nests of C. (rothsteini) 
and preyed on workers returning to or leaving the nest. 
On the other hand, at the stage of the founding-queen 
predation is a very important factor, and many predators are 
involved, including ground dwelling and web spinning arachnids, 
predatory ants, other predatory insects (e.g. Odonata, Mantidae), 
and insectivorous birds. Observations made after mating swarms 
(involving Iridomyrmex sp.l, Pheidole spp. and Meranoplus spp.) 
showed that only l of 17 newly-mated queens which had landed on 
the ground, and were searching for suitable nest sites survived 
being preyed on until the stage of digging a nest cell. High 
mortality can still occur after the nest cell has been established. 
Nagel and Rettenmeyer (1973) found that none of the 111 queens of 
Pogonomyrmex occidentalis that were observed digging into the 
soi l survived to the following year, which may have been due to 
the effects of dessication and/or microbial pathogens. At "Emmet 
Vale" many sexuals were also observed being taken by flying 
pr edators, or were trapped by web-spinning spiders before landing. 
This suggests that it is at this stage that major population 
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checks occur. In fact Wildermuth and Davis (1931) have estimated 
that in Pogonomyp,nex barbatus, no more than 0.1% of the queens 
can be expected to survive to form a mature colony. In the 
pr esent study while there did not appear to be any evidence of 
specific predation on sexuals of particular species, some ants 
such as Chelaner spp. manage to reduce the opportunity for such 
predation. In these, the queen is mated on the nest site, rather 
than having nuptial flights, and leaves later, with or without 
the protection of worker ants. Thus, any effects due to predation 
would be mainly on the total population levels, rather than the 
re lative compositions of the ant community. 
3.5.4 Vegetation 
Cole (1933, 1934b), in a study of arid zone ants, found 
that different species tended to be associated with different 
plant communities. Although the present study showed no apparent 
relationship between overall ant faunal diversity and vegetation 
structure, there were differences in the colony densities of some 
species between the saltbush and grass plots, which may be partly 
explained by differences in the vegetation. 
Species evenness was higher in the grass plot, due 
l a r gely to the decrease in numbers of species that were numerically 
dominant in the saltbush plot. The main species concerned was 
IPidomyr>mex sp.l which forages on the saltbush canopy, and derives 
a proportion of its energy intake from the exudates of sap-sucking 
i nsects on A.vesicaria. It seems that in the absence of saltbush 
and this food supply , only smaller populations are found on the 
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grassland. Similar reasons could be put forward for the decrease 
in numbers of other species which made use of the shrub layer for 
foraging, such as Ccunponotus sp.2. 
Harvester ant populations also varied between the lightly 
grazed saltbush plot and the heavily grazed grass plot. Studies 
on Pogonomyrmex species harvester ants in America have led to 
conflicting reports regarding the effect of vegetation degradation 
due to grazing. Sharp and Barr (1960) found an increase in popu-
lation, while Kirkham and Fisser (1972) found no change under 
various grazing regimes. However, observations by Nagel and 
Rettenmeyer (1973) suggested that when these ants become more 
abundant on overgrazed rangeland, it is because of habitat 
selection by the queens, which prefer areas of bare soil or sparse 
vegetation. At "Enunet Vale" overall colony density of the 
harvester ants remained similar between the lightly grazed salt-
bush and heavily grazed grass plot (80 to 86 nests), but the 
relative composition of the five species did differ. There were 
more colonies of Ch.(rothsteini) and Pheidole spp. 2 and 3 in 
the grass plot than the saltbush plot, which may have been partly 
due to the increased abundance of the smaller grass and forb seeds 
which they harvested (see Chapter 5). Ch. (~hitei ) colony numbers 
however, did not change, and this was perhaps due to their 
successful switch to an alternative seed source in the grass plot 
in the absence of the preferred A.vesicaria. However, Pheidole 
sp.l also found alternative food sources in each plot, so that 
its lower numbers in the grass plot cannot be simply explained in 
terms of vegetation and food source differences. Overall, the 
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differences in colony density which occur between plots cannot be 
explained satisfactorily in terms of differences in food abundance, 
and chance events and factors such as habitat selection by found-
ing queens may also be involved. Whitford and Ettershank (1972) 
showed by regression analysis that the colony density of some 
American harvester ants appeared to be a function of the number 
of harvester species in an area and the cover and diversity of 
the vegetation. From this they suggested that colony density was 
determined by competition between the ants, as well as by plant 
diversity and production. The present study agrees with this, 
but it seems that at this particular site the biotic interactions 
are probably more important determinants of community composition 
than is the type of vegetation. 
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CHAPTER FOUR 
TEMPORAL STRUCTURE IN THE ANT COMMUNITY 
4.1 Introduction 
Communities of organisms are in a dynamic state, because 
t hey are being continually exposed to and respond to a range of 
environmental stimuli. Therefore, in any analysis of a community 
this temporal variation must be considered. 
In this chapter it is not intended to consider changes in 
colony density or relative abundance of species, but rather to 
l ook at the differences in activity levels of colonies with time. 
This is partly because the structure of the ant community has 
r emained fairly stable over the two-year census period, but the 
main reason is that, being concerned with community organization 
and hence species coexistence, it is important to determine how 
ant species with similar ecological requirements reduce potential 
competitive interactions with each other. One such possible 
mechanism for this is a separation in periodicities of activity. 
From the cataloguing of species and population censuses 
it became obvious that different assemblages of species were 
active on the surface at different times of the year. 
Consequently the first section of this chapter looks at the 
seasonal variation in activity patterns of the component species. 
There have been few prior studies on seasonal activity in ants, 
and the se were mos tly confined to a few species (Sanders 1972, 
Whi tford 1973). Only Hayas hida (1960) has examined the pe riod-
i city of activity in an entire ant community, although only 
cursorily. All these studies showed that different ants 
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exhibited differences in both timi_ng and extent of seasonal activ-
ity, although these were large periods of overlap. 
Further separation however, can occur through partition-
ing of daily activity periods. The study of such diel patterns 
of activity has received more attention, mainly from the point of 
determining which environmental stimuli regulate such activity. 
Variables found to be important include temperature alone (Willard 
and Crowell 1965, Gray 1971, Sanders 1972), temperature and moisture 
(Talbot 1946, Duncan-Weatherley 1952, Greenslade 1972, Whitford 1973) 
and temperature, moisture and light (Ayre 1958, Sheata and Kaschef 
1971). Such information is relevant to the present study because 
it shows how selection may act on the adaptive responses of 
organisms to reduce the amount of competitive interaction between 
them. Consequently, the diel activity patterns of the ants at 
"Enunet Vale" were examined in relation to a number of climatic 
variables and these experiments are described in Section 4.3. 
The question of whether or not endogenous factors control activity 
rhythms (Aschoff 1966) will not be discussed here, as the main 
concern is the ecological consequences of activity patterns in 
relation to environmental change, not the physiological controls 
of activity. Suffice to say that Sudd (1967) mentions that in 
some species endogenous rhythms have been found, but in others 
there seem to be no effect and ant activity is influenced 
chiefly by the immediate environmental conditions. 
While physical factors may be important determinants 
of foraging activity, other biotic factors probably affect the 
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intensity of foraging activity. Such factors could include the 
presence and condition of larvae in the nest, the amount of food 
already stored in the nest and the abundance of the food source 
outside the nest. There is virtually no information in the litera-
ture on such effects, the only report being that of Whitford 
(1973). His data suggested there might be a positive correlation 
between the numbers of foragers and the supply of food. He 
pointed out however that further work was needed, and experiments 
on this aspect are described in Section 4.4. The general 
influences of these biotic factors are also discussed in the 
light of field observations. 
In all these analyses the harvester ants have been exam-
ined in more detail. This is because of their importance to the 
system in terms of both abundance (42% of the colonies) and their 
direct dependence on the vegetation as a food source. 
4.2 Seasonal activity 
4.2.1 Methods 
Colony censuses were made at approximately bimonthly 
intervals from late winter in 1971 to late autumn 1973, and the 
number of active colonies recorded. A colony was deemed to be 
active if at any time during the survey period foraging workers 
were seen leaving or returning to the nest. The area examined 
was the 500 m2 saltbush quadrat described in Chapter 2. 
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4.2.2 Results 
The number of colonies of each species active at differ-
ent times over the period of the study is shown in Table 4.1. The 
table shows active nest ntunbers from February 1972 on. This is 
because not all colonies were active at any one period and a 
reasonably complete colony census was not obtained until this 
time . However, in the case of the rarer small species 
(Tapinoma spp., I.da.rwiniensis) and the species with more cryptic 
nests (Meranoplus spp.) the counts are probably still not 
completely accurate. Furthermore, in the cases of ants such as 
Rhytidoponera spp. which have small colony populations and forage 
solitarily, some nests may have mistakenly been labelled inactive 
resulting in an underestimation. Taking all this into account 
however the table does reflect the trends in seasonal activity 
shown by the various ant species. 
Before seasonal activity patterns are discussed it is 
necessary to comment on the stability of the ant colonies. Most 
of the variation in numbers of active nests is accounted for by 
the dormancy or surface activity of a colony, not by changes in 
colony ntunber due to death of an old colony or establishment of 
a new one. This was complicated to some extent because the 
activity of individual colonies of some species (Pheidole spp.) 
was not very predictable, which made it difficult to decide 
whether a newly marked colony had been established recently or 
was merely one that had recommenced foraging after a large in-
active period. 
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TABLE 4.1. The number of active ant colonies in the saltbush 
plot at bimonthly intervals. 
Total Number of Active Colonies Species 
Colony Feb May June Aug Oct Dec Feb Apr 
Number 72 72 72 72 72 72 73 73 
Pheidole sp. 1 42 24 25 4 13 27 0 35 31 
Pheidole sp. 3 19 9 11 1 4 12 0 18 16 
Chelaner (whitei) 9 4 5 0 1 5 0 3 4 
Pheidole sp. 2 8 5 4 0 2 6 1 5 5 
Chelaner (rothsteini) 2 2 0 0 0 2 2 2 2 
TOTAL HARVESTERS 80 44 45 5 20 52 3 62 58 
Iridomyrmex sp. 1 48 34 31 21 27 37 45 48 44 
Meranoplus sp. 1 14 8 2 0 1 11 12 12 1 2 
Rhyti doponera 
metallica 11 8 6 2 6 8 8 9 9 
Rhytidoponera 
convexa 8 7 5 1 4 6 6 7 7 
Camponotus sp. 2 8 8 8 2 4 8 8 8 8 
Xiphomyrmex sp. 6 4 6 0 3 5 5 5 5 
Camponotus sp. 1 3 3 3 0 3 3 3 3 3 
Monomorium sp. 3 3 2 0 1 1 1 1 1 
Meranoplus sp. 2 2 2 2 
Odontomachus sp. 2 2 2 0 0 2 2 2 2 
Iri domyrmex 
darwiniensis 2 2 1 0 1 1 1 1 0 
Ta pinoma sp. 2 2 1 2 0 2 1 1 1 1 
Melophorus sp. 3 2 2 0 
Melophorus sp. 1 1 1 0 0 0 1 1 1 0 
Iridomyrmex sp. 4 1 1 1 1 1 1 1 1 l 
Tapimoma minutum 1 1 1 0 0 0 0 0 0 
Polyrhachis sp. 1 1 1 0 0 1 1 1 l 
TOTAL NON-HARVESTERS 115 83 71 27 53 85 94 103 96 
TOTAL 195 127 116 32 73 137 97 165 154 
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Fig. 4.1. Seasonal activity patterns of the corrunon ant species. Changes 
in a species are relative to the maximum activity of that 
species (based on the number of active nests). 
Nevertheless, of the more abundant or important ant 
species, the following changes occurred over the period covered by 
Table 4.1: 
PheidoLe sp.l - two nests became uninhabitated, either due to 
death of the colony or abandonment, and possibly three new ones 
were established. 
PheidoLe sp.3 - changes uncertain due to erratic activity patterns 
of colonies. 
CheLaner (whitei) - one nest became uninhabitated and one was 
newly established in this period. However, four nests had 
ceased to be occupied in the interval prior to February 1972 
which explains the discrepancy between total colony count and 
nests active. 
CheLaner (rothsteini) - no change. 
Iridomyrmex sp.l - a 40% increase in the number of nest sites 
occurred between August 1972 and February 1973, apparently in 
response to an increase in a food source from sap-sucking 
insects on saltbush (see Chapter 7). 
Rhytidoponera spp. - four nests became unoccupied, five new ones 
were built and two colonies apparently shifted nest sites a few 
metres from the old one. 
Thus, apart from the increase in Iridomyrmex sp.l, the nest 
populations of the ant conununity remained fairly stable over the 
study period. Stability of ant colony density was also reported 
for a Japanese grassland by Yasuno (1965c). 
Considering the ant species as a whole, there is a 
general trend of reduced activity over winter with an increase as 
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conditions become warmer. There is a fairly smooth transition 
between times of minimal and maximal activity in the non-harvester 
species, but the harvester ants show a more irregular seasonal 
pat tern. This can be seen more clearly in Fig. 4.1 which 
includes temperature measurements taken over the pe riod. 
Of the 15 species examined, in only four were some 
nests active all year round, and in these (Iridomyrmex sp.l, 
Camponotus sp.2 and Rhytidoponera spp.) there was a marked 
reduction of activity over the coldest period in June-July. Some 
nests of the two harvester ants (Pheidol e spp.l and 3) were also 
active over this winter period, but both completely ceased surface 
activity during a hot dry spell in December 1972. These species 
seem sensitive to moisture conditions and activity peaks often 
occurred after heavy rains such as in February 1973. The remain-
ing nine species all remained inactive for varying intervals over 
the colder months. Two of the other harvester species (Ch. (whitei) 
and Pheidole sp.2) also showed reduced activity when conditions 
became very dry and hot, but the remaining one (Ch. (rothsteini)) 
was unaffected. None of the non-harvester species showed a 
decrease in activity through this period. In fact species of one 
genus Melophorus were only active when conditions were hot (soil 
surface temperatures over 37°c) which may explain why Melophorus 
sp. l remained inactive for the longest period over the coole r 
months (April to October). 
The seas onal activity patterns of the ants at "Emmet 
Va l e " s e em to correlate with climatic variables , with individual 
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responses resulting in slightly different patterns for each 
species. The seed-harvesting species seem most sensitive to 
climatic extremes, as they show the most irregular patterns with 
the exception of Ch. (rothsteini). The overall effect though is 
that different assemblages of ants are active at different times 
during the year which could reduce the degree of competitive 
interaction between species. 
4.3 Diel activity 
It is easier to determine which climatic factors are 
influencing ant activity when the diel activity patterns are 
examined. To do this experiments were set up to monitor ant 
activity continually over a period of several days, while also 
measuring the environmental variables. 
4.3.1 Experimental det ai l s 
These experiments were carried out using a mobile labor-
atory provided by the CSIRO Deniliquin laboratories as a base. 
The harvester ants were studied in greater detail, and activity 
was measured by counting the numbers of ants leaving and return-
ing to the nest in three minute periods at intervals of 30 to 
60 minutes. The number of returning workers carrying seed was 
also recorded. In the case of Ch. (rothsteini) the counting 
period was only 1 minute because of the large numbers of foraging 
ants. The activity of non-harvester species was recorded only as 
presence-absence data as insufficient time was available to make 
counts of all species. 
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Several environmental variables were measured: 
1) Air temperature readings were taken at 30 or 60 minute 
intervals using a mercury bulb thermome ter. 
2) Relative humidity was taken at the same t ime using a n 
Assman ventilated psychrometer. 
3) The saturation deficit of the air - the difference 
between vapour density of saturated air and the observed vapour 
dens i ty - was calculated from these two variables . The s aturated 
vapour density (e) at the observed air temperature was obtained 
a 
from Table 108 of the Smithsonian Meteorological Tables (List 1951), 
and the saturation deficit could then be calculated from the 
equation of Penman (1955): 
saturation deficit= e (1 - h) 
a 
where his the observed relative humidity. This measure provides 
an estimate of the drying power of the air. 
4 ) Soil surface and subsurface (5 cm deep) temperatures were 
recorded using copper-constantan thermocouples connected to a 
Leeds and Northrup 24 point analogue chart recorder housed in the 
mobile laboratory. Checks were made using a Barnes PRT-10 infra-
red t hermometer. 
5) Soil moisture was measured by collecting soil samples 
dai l y and determining wet and oven-dry weights. 
6) Solar radiation was recorded using a Kipp and Zonen 
pyranometer connected to a Leeds and Northrup angle pen recorder 
i n the mobile laboratory. 
7) Estimates of wind speed and direction and percentage 
c loud cover were also made. 
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Fig. 4.5. Diel activity patterns of the harvester ants in late Spring (November 1973). 
The experiment was carried out on selected nests of the five 
harvester species in late summer over a five-day period (5th to 
9th February 1973) and were repeated over a three-day period in 
late spring (2nd to 4th November 1973). This enabled a compari-
son of both diel activity pattern and intensity of foraging 
activity to be compared for different seasons. 
4.3.2 Envirorunental factors aff ecting 
activity patterns 
From the data obtained, activity profiles for the various 
species could be constructed and these are shown in Figs. 4.2 to 
4.5. The most profitable way of analysing these profiles is to 
consider the various environmental factors and look at the 
responses of the individual species to them. Three factors 
emerged as probably having a direct influence on the time and rate 
of activity: light, temperature and moisture. Thus these figures 
show ant activity in relation to photoperiod, soil surface 
temperature which is the temperature that a foraging ant would 
experience, and saturation deficit which provides a measure of 
the evaporative stress placed on the ant. 
a) Light 
On the basis of their response to the light-dark regime 
the ant fauna can be divided into three groups: nocturnal, 
diurnal and indifferent to photoperiod. However, as will become 
obvious later, there is some overlap between these groups. 
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Of the 15 species examined only two (Camponotus sp.l and 
Monomoriwn sp.) could be described as being consistently nocturnal 
foragers. Both were strictly nocturnal in summer when conditions 
were generally warmer and drier, but Monomorium sp. began to 
forage in the late afternoon and continued through to early 
morning during the spring experiment when conditions were cooler 
(compare climate profiles of Figs. 4.2 and 4.3). The nine diurnal 
species were Pheidole spp., Chelaner spp., Meranoplus sp.l, 
Iridomyrmex sp.l, Camponotus sp.2 and Melophorus sp.l. Of these 
Chelaner(whitei), Pheidole sp.2, Cconponotus sp.2 and Melophorus 
sp.l were strictly diurnal, but the others became more crepuscular 
and even exhibited some nocturnal activity during hot periods of 
the summer experiment (see day 1 and day 4 of Figs. 4.2 and 4.4). 
The responses of the remaining four species differed markedly 
between seasons. The species of Rhytidoponera switched from 
diurnal behaviour in spring, to crepuscular-nocturnal behaviour 
in summer. Xiphomyrmex sp. was also a diurnal forager in spring, 
but in summer one colony remained solely nocturnal, while another 
was observed to switch from nocturnal to crepuscular foraging 
over a two-day period. Concurrently different temporal patterns 
of activity by different colonies of the same species have also 
been recorded for the arboreal ant Azteca alfari by Barnwell 
(1967). Odontomachus sp. also switched from crepuscular activity 
in spring to being almost solely nocturnal in summer. Thus there 
appears to be a trend in these ants of increasing nocturnalism as 
climatic conditions become warmer and drier. 
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b) Temperature and moisture 
Soil surface temperature and saturation deficit have b een 
analysed concurrently, partly because they are fairly closely 
correlated (in spring r = 0.91, in summer r = 0.76), and also 
because in a variable semi-arid e nvironment any evolutionary 
shift in activity response by an ant species would have occurre d 
i n presence of both factors, i.e. temperature and evaporative 
s tress may have acted as co-agents of selection. The pre sent 
s tudy shows a close correlation between foraging activity and 
s oil surface temperature, and there appears to be a definite 
range above and below which activity ceases. The range of soil 
surface temperatures over which activity does occur in the non-
harvesting species is shown in Fig. 4.6a. There is quite a wide 
variation between species, but generally there is an increase in 
t he temperatures at which ants are active from the nocturnal 
s p e cies through to the strictly diurnal ones. 
The range of saturation deficit over which ant activity 
was recorded is shown in Fig. 4.6b. It divides the ants into 
basically two groups - the diurnal ants which were active over 
virtually the whole measured range, and the crepuscular-nocturnal 
ants which were active when evaporative stress was low. It i s 
hard to say which is more important, though in the case of 
diurnal ants temporal separation of activity periods seem to 
occur largely through a differential temperature response, as 
there appears to be no distinct range of saturation deficit at 
which activity is inhibited. Melophorus sp.l represents the 
extreme case as it is only active at surface temperatures above 
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37°c and up to 54°c, which means that during very hot parts of 
the day it faces no competition from any of the other species. 
Moisture stress may be more important in influencing the activity 
of the nocturnal-crepuscular species, as there were definite 
upper limits for saturation deficit, above which no activity was 
recorded. It would seem that species such as Odontomachus sp., 
Xiphomyrmex sp. and Rhytidoponera spp., which switch to more 
nocturnal foraging in summer, do so to avoid extremes of tempera-
ture and dryness. Unfortunately, it is difficult to evaluate 
differences in response to the two variables as the data is only 
in presence-or-absence form. 
Numerical data was available on the activity of seed-
harvesting species though, and this has allowed a more detailed 
comparison of activity rates relative to temperature and moisture 
stress (see Figs. 4.7 and 4.8). This may explain the activity 
patterns in Figs. 4.4 and 4.5, which show a general shift from 
more unimodal activity curves in the cooler days of spring to 
become increasingly bimodal as conditions become warmer and 
drier in summer. Changes from unimodal activity in winter to 
bimodal activity in summer has also been observed in tenebrionid 
beetles of a South African desert (Holm and Edney 1973) and 
desert lizards (Pianka 1973). Thus, these changes seem to be 
characteristic of arid zone poikilotherms, and as Pianka has 
suggested, may allow the animal to encounter a similar thermal 
environment and microclimate over times when the macroclimate is 
changing. 
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Fig. 4.7 shows that the temperature response of the in-
dividual harvester ant species have a broadly similar shape, being 
maximal at some preferred temperature and decreasing on either 
side until activity ceases. Looking at these curves, the ants 
fall into two distinct groups - those active at higher temperature s 
(Ch. (rothsteini)and Pheidole sp.2) and the remainder which are 
active at lower temperatures. The response to saturation deficit 
as shown in Fig. 4.8 shows the same dichotomy as temperature. 
The three low-temperature species (Ch. (whitei), Pheidole spp.l and 
3) are only active at lower saturation deficits, whereas the other 
two are active over a much wider range. In both sets of activity 
curves, peaks occurred near the limiting values of temperature 
and saturation deficit. This is due to the phenomenon of egress, 
when large numbers of ants leave the nest in a burst immediately 
conditions become suitable. This accounts for some of the peaks 
in the activity patterns of Figs. 4.4 and 4.5. Whitford (1973) 
has also recorded such events in American harvester ants 
(Pogonomyrmex spp.), and this suggests the ants are continually 
monitoring external conditions. 
One further inference emerges from these figures. If 
the response curves are similar at different times it could mean 
that this particular factor is consistently influencing activity 
in some way, but a difference would suggest there is no definite 
relationship between the two. The shape of the curves relating 
activity to temperature are similar (over the range that is 
common to both) for botp seasons, suggesting that soil surface 
temperature is a consistent regulator of activity. The shape of 
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the curves with respect to saturation deficit differs between 
spring and summer for Ch. (rothsteini) and Pheidole sp.2 suggest-
ing an indifference to moisture stress. It remains similar 
between seasons in the other three species though, and moisture 
or evaporative stress could be important for these. 
In order to examine the relative influence of these two 
variables a regression analysis was applied to the activity data 
of the harvester ants. As Austin (1971) has pointed out, 
"regression provides a structure which identifies the major 
relationships to which the dependent variable is sensitive". The 
diel activity patterns of the common Australian species 
Iridomyrmex purpureus have also been examined by multiple regres-
sion methods (Doube 1967) and canonical correlation analysis 
(Mitchell 1966). These studies showed air temperature, mound 
temperature and relative humidity to be important climatic deter-
minants of activity. In the present study the dependent variable 
(activity) was regressed against soil surface temperature and 
saturation deficit. The aim was not to predict activity values 
from this data, but rather to determine the relative strengths 
of the independent v~riables, i.e. it was being used as an 
analytic tool rather than a predictive model. The simplest 
method to use is a linear multiple regression which presumes that 
the responses of the species are linear. However, as can be 
seen from Figs. 4.7 and 4.8 the responses of the ant species are 
highly non-linear, and in fact tend to be dome-shape d. To make 
the analysis possible a parabolic transformation (Forsythe and 
Loucks 1972) was applied · to both independent vari ables . Th 
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1 . f 2 variab e Xis trans ormed to (X - CL) , where CL is the axis of 
symmetry of the parabola which best fits the dome- s haped activity 
response curve, and corresponds to the value of X at which 
activity is maximal. Thus, when this value is plotted against 
the dependent variable Y the response is essentially line a r . 
The activity rates of the five harvester species including ant s 
leaving and ants returning to the nest, for both spring and s unune r 
were then regressed against the transformed independent variable s ; 
a total of 20 regressions. 
The equations obtained from these were of the form: 
where Y = ant activity, x
1 
and x2 are soil surface temperature and 
saturation deficit respectively, CL
1 
and CL2 are the respective 
c entres of the parabolic transform, and b 1 and b 2 are the 
partial regression coefficients. 
The equations for the individual ant species are listed in Appendix 
2 . The important parameters from these are the coefficients of 
the independent ~ariables, as they are indicators of the relative 
s trength of the two variables. However, to avoid unequal varia-
tion in the sample standard deviations, the standard partial 
regression coefficients (alphas) were calculated and compared 
ratber than these (Snedecor 1956). The alphas were of the form: 
These values are shown in Table 4.2, and the ratio of these two 
values shows the relative effect of soil surface temperature and 
saturation deficit on ant activity rates. 
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TABLE 4.2 
Species Time 
spring 
Chelaner 
(rothsteini) 
summer 
spring 
Pheidole sp. 2 
summer 
spring 
Chelaner 
(whi tei) 
summer 
Relative importance of soil surface temperature and saturation 
deficit as determinants of harvester ant activity (as measured 
by a) . 
Surface (al) Saturation (a2) Predictability of Activity 
* adjusted R2 2 Temperature Deficit Ratio Mean R 
out 0.107 0.012 8.92:l o. 785 
in 0.075 0.025 3.00:l o. 744 
0.460 
out 0.125 0.009 14.58:l 0.161 
in 0.122 0.007 17.21:l 0.148 
out 0.070 0.030 2.33:1 0.560 
in 0.020 0.003 6.67:1 0.490 
0.133 0.004 33.33:1 0.126 
0.356 
out 
in 0.171 0.001 171 :1 0.248 
out 0.103 0.078 1. 32: 1 0.164 
in 0.170 0.060 2.83:1 0.393 
0.214 
out 0.055 0.003 16.23:1 0.126 
in 0.079 0.019 4.16:1 0.174 
** 
-..J 
.i:,. 
Speci es 
Phei dole sp. 1 
Pheidole sp. 3 
TABLE 4.2 Continued 
Time Surface (al) Saturation (a2) Predictability of Activity 
* adjusted i 2 Temperature Deficit Ratio Mean R 
out 0.056 0.059 0.95:1 0.287 
spring 
in 0.061 0.072 0.85:1 0.262 
0.274 
out 0.035 0.025 1. 40:l 0.209 
summer 
in 0.004 0.059 0.07:1 0.337 
out 0.070 0.006 11.67:1 0.222 
spring 
in 0.056 ·0.084 0.67:1 0.210 
0.284 
out 0.002 0.075 0.03:1 o. 300 
summer. 
in 0.004 0.099 0.04:1 0.406 
* Ratio of coefficients for soil surface temperature : saturation deficit 
** Predictability determined from adjusted R2 values of the regression equation 
** 
-..J 
Ul 
The results give quantitative support to the suggestion 
raised from a qualitative examination of the activity data, 
namely that there are differential responses by the ants to 
temperature and moisture variables. The ratios of these values 
show that activity rates in both Ch. (rothsteini) and Pheidole 
sp.2 are largely determined by t emperature fluctuat i ons , and the 
ants are relatively insensitive t o changes in moisture status a s 
measured by saturation deficit. Ch . (whitei) i s al so influe nced 
more by temperature, but the ratio is less, suggesting that 
saturation deficit is having a relatively greater effect on it 
t han on the preceding two. Activity in the remaining species 
Pheido le spp. 1 and 3 is determined to a greater degree by satur-
a tion deficit than surface temperature, with Pheidole sp.3 
apparently the more sensitive to changes in moisture stress. 
Whitford (1973) also described differential responses to surface 
t emperature and saturation deficit in species of American 
harvester ants (PogonomyY1111ex spp.) but did not statistically 
analyse these. 
One further parameter which could be obtained from the 
regression was a measure of the predictability of activity. This 
2 
was the adjusted R value, which gives the pro~ortion of the 
variance in activity accounted for by the regression (Snedecor 
1956). Thus, a high R2 means that most of the variation could 
be accounted for by the two physical factors involved (soil 
s urface temperature and saturation deficit) while a low one meant 
t hat activity rates s till varied consi derably within the limits 
i mposed by the physical factors. The figures in Table 4.2 show 
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that the two species influenced to a greater degree by temperature -
Ch. (rothsteini) and PheidoZe sp.2 have a higher predictability 
than the other three species. This suggests that with regard to 
physical factors, the activity rates of these are more rapidly 
regulated. On the other hand the remaining three species show 
more variable foraging patterns, and their activity is probably 
influenced more by biotic or behavioural factors. 
Thus, the activity patterns of the harvester ants are 
largely determined by their responses to rate regulatory factors 
such as surface temperature and saturation deficit. The species 
show differences in relative sensitivity to each factor, but can 
be divided into two groups. The first group (Ch. (rothsteini) and 
PheidoZe sp.2) are ants which can better tolerate higher tempera-
ture and saturation deficit conditions. Their activity patterns 
also appear to be more rigidly determined by the prevailing 
climatic conditions. The other group of Ch. (whitei) and 
PheidoZe spp. 1 and 3 are sensitive to such climatic extremes 
and avoid them by limiting surface activity to suitable periods. 
Their activity patterns are also quite flexible, which suggests 
they respond to variety of factors and are probably highly 
opportunistic with regard to surface foraging. 
c) Soil moisture 
During the general censuses of ant colonies it had been 
noticed that the proportion of active nests increases sharply 
after rains, even if they were quite light. Further many nests 
remained inactive during long dry periods, even though external 
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temperatures were favourable for surface activity (Ch. (rothsteini) 
and Pheidole sp.2 excepted). It was also noted during the 
February experiments that the number of active nests fell from 
35 to 14 over a period of one week as soil moisture decreased from 
14.6% to 2.7%. In order to see if soil moisture was an important 
factor, the following simple experiment was designed and carried 
out in mid-February 1973 when the soil was quite dry (Top 2 cm 
had 1-2% soil moisture content). 
Thirty-two inactive nests were chosen - 20 of Pheidole 
sp.l, six of Pheidole sp.3 and six of Ch. (whitei) - and watched 
for two successive days to ensure there was no surface activity. 
Ch. (rothsteini) and Pheidole sp.2 were not considered as 
virtually all their nests were still foraging, and they had been 
shown to be not as strongly inhibited by dry conditions. After 
2 
the two days, water was added to the nest area (~ m) of half the 
nests ~nd the remainder left dry. Activities were recorded the 
following morning and the results are presented in Table 4.3. 
This table shows that by raising soil moisture contents 
from 1-2% to above 4% surface foraging could be stimulated in all 
Pheidole sp.3 nests and over half the Pheidole sp.l nests but not 
in Ch. (whitei). This stimulus was short-lived however, as within 
two days evaporation had reduced soil moisture levels about the 
nest to control levels (less than 2%), and activity in all nests 
had returned to zero. The responses of the three species further 
confirms the evidence from the regression analysis of diel 
activity, that Pheidole sp.3 is the most sensitive to moisture 
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s tatus, followed by Pheidole sp.l and Ch.(whitei) . The re s ults 
further suggest that even in inactive colonies the r e i s a con t in-
ual monitoring of surface conditions by thes e ants , a nd they are 
capable of responding quickly to favourable conditions - attesting 
to their opportunistic behaviour. 
TABLE 4.3 Effect of increasing soil moist ure 
on ant activity 
Treatment Species 
Pheidole sp.l 
Water added Phei dole sp.3 
Chelaner(whitei ) 
Control Pheidole sp.l 
(No water) Phei dol e sp.3 
Chelaner (whitei ) 
No.of No.of nests Soil moisture 
nests active 
before after 
10 0 6 
3 0 3 
3 0 0 
10 0 1 
3 0 0 
3 0 0 
content 
(Top 2 cm) 
4.0-9. 8% 
1.0-1. 9 % 
d) Other physical factors 
The other variables measured during the course of the 
activity experiments appeared only to have an indirect role in 
affecting ant activity. Thus, wind acted as an inhibitory agent 
only when it was very strong (>30 km per hour) when ants were 
observed being blown about on the surface. Similar observations 
were made by Sheata and Kaschef (1972) for the Egyptian harvester 
ant Messor aegyptiacus Emery. The most important effect of wind 
is probably in lowering surface temperatures through convective 
and evaporative cooling. This was noticed during the course of 
the experiment, and would affect the duration of periods suitable 
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for activity. To this extent cloud cover is also important by 
cutting down direct solar radiation and reducing s urface t emperatures . 
The marked fluctuations in activity rates of Ch . (rothsteini) on 
February 9th in the first experiment (see Fig. 4.4) coincided with 
fluctuations in soil temperature when cloud bands passed overhead. 
Similar fluctuations in the activity of the American harvester ant 
Pogonomyy,mex occidentalis (Cresson) as clouds passed over the sun 
were observed by Stevens (1965), though he did not relate this to 
changes in surface temperature. Heavy rain did inhibit ant activity , 
as Duncan-Weatherley (1954) also observed, but once the fall was 
finished rain appeared to act as a stimulus by increasing soil 
moisture content and/or reducing evaporative stress through 
increased air moisture content. 
4.3.3 Total daily activity 
Not only is the pattern of daily activity of interest, 
but also the total activity. From the data obtained in February 
and November, estimates were made of the total number of ants 
entering and leaving the nest per day. This was done by adjust-
ing the hourly readings (number of ants/3minute interval) for the 
entire period of activity. The mean period of activity itself was 
also calculated, and a summary of these results is shown in 
Table 4.4. 
It can be seen that there is a considerable difference 
between the daily activity in the spring and summer periods. The 
conditions in spring were generally cooler and less dry, with 
0 
surface temperatures ranging from 9-37 C and saturation deficits 
up to 13.8 gm/m3 . In summer the ranges were ll-45°c and up to 
33.9 gm/m3 respectively. Again there is a breakdown into two 
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groups - the one in which daily activitie s were greate r in spring 
t han sununer, and the other in which there was little difference. 
These correspond to the group which is more sensitive to tempera-
ture and moisture extremes (Pheidole sp.3, Pheidole sp.l and 
Ch . (whitei) in order of increasing tolerance) and the group which 
is tolerant of more adverse conditions (Pheidole sp.2 and Ch . 
(roths teini)). The reduction in activity between spring and 
s ununer in the first group is because of a reduction in time 
favourable for foraging, i.e. these ants are avoiding extreme 
climatic conditions. The more tolerant specie s can remain active 
under these more extreme conditions and consequently there is 
little change in the total daily foraging rate between seasons. 
TABLE 4.4 
No.of ants* 
Summer Time activ~* 
(hrs) 
No.of ants 
Spring Time active 
(hrs) 
* 
Comparison of daily activity of the 
harvester ants in two different seasons 
Chelaner 
(rothsteini) 
37750 
9 
32210 
8 
Pheidole Chelaner Pheidole Pheidole 
sp.2 (whitei) sp.l sp.3 
1650 780 1930 320 
6 5.5 5.5 2.5 
1510 1640 4710 1050 
8 10.5 13.5 8.5 
No. of ants= estimated mean number entering and leaving the nest 
per day. 
** Time active= mean total time of surface activity to nearest~ hr. 
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4.4 Biotic factors which may affect foraging intensity 
Whil e physical factors play an important regulatory role 
in ant activity, considerable variability rema ins unexplained and 
other biotic factors may also affect foraging intensity. 
4.4.l Presence of larvae 
The presence of larvae could be a possible stimulus to 
foraging behaviour, and in some univoltine species of Myrmecia 
periods of inactivity appear to be correlated with the absence 0£ 
larvae in the nest (R.W. Taylor, pers.com.). However excavations of 
nests of the three main harvester species Chelaner spp. and 
Pheidole sp.l showed that immatures were present virtually all year 
round. This suggests these species are multivoltine, and so no 
marked seasonal effects in the pattern of foraging behaviour would 
be expected. Nevertheless, it is still possible that hungry 
larvae may stimulate foraging through some pheremonal exchange, 
which could alter levels of foraging intensity. 
4.4.2 Presence of seed stores 
All of the harvester species store seed in nest granaries, 
and foraging intensity could be related to the amount of seed 
already stored. Whitford (1973) found that activity levels of 
Pogonomyrmex spp. decreased markedly after seed had been provided 
for several successive days, and hypothesized that foraging 
intensity may decrease when storage chambers are filled and/or 
all workers and larvae are satiated. Evidence from the present 
study showed that large amounts of seed s tores occurred in both 
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active and inactive nests, but as no specific experiments were 
carried this hypothesis could neither be confirmed or disproved. 
4.4.3 Availability of food 
Field observations suggested that foraging intensity was 
greater when food was more readily available, such as just after 
a seed-fall. Thus, if foraging is more successful the ants are 
likely to take advantage of the situation and their overall 
activity levels may increase. To see if this was the case, food 
supplementation experiments were carried out in November 1973. In 
these experiments activity was monitored at pairs of nests of each 
of four species of harvester ant for one day - using the method 
described in the diel activity pattern experiments. One nest 
of each pair was then food supplemented by placing some 
proprietary brand cereal containing rolled oats, bran and crushed 
wheat 30 cm away from the nest entrance. The remaining nest of 
each pair was used as a control. Activity was again monitored and 
the relative rates of foraging before and after the addition of 
food calculated. A summary of the results is presented in Table 
4.5. 
From this table it can be seen that activity increased 
markedly in Ch. (rothsteini) and Pheidole sp.l when food was added, 
slightly increased in Pheidole sp.3 and slightly decreased in 
Ch . (whitei). In all cases the artificial food source was utilized, 
though for Ch. (whitei) a larger proportion of workers were still 
collecting naturally occurring seeds. However, in the control 
nests of all species other than Ch. (rothsteini) activity decreased 
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markedly (prob ably due to drier, hotter conditions) which made the 
increase in activity due to added food more obvious. In fact, 
corrected for this, relative increases in activity ranged from 
2.2 to 35 times as shown in the table. These changes were 
significant at the 5% level using the Wilcoxon matched-pairs test 
(see Siegel 1956). Foraging success rate, as measured by the 
proportion of returning workers carrying food items, also increased 
and this shows that increased reward in finding food leads to 
increases in the overall levels of foraging activity. One 
further outcome was that activity continued at night in all 
species except Ch. (whitei) whereas in the control nests it 
ceased. This infers that under strong stimuli such as this over-
abundance of food, physical factors which might normally inhibit 
activity are overridden - an example of opportunism in the 
foraging strategies of the ants. 
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Species 
Chelaner 
(whi tei) 
Chelaner 
(rothsteini) 
Pheidole sp. 1 
Pheidole sp. 2 
TABLE 4.5 The effect of supplementing food supplies on the activity 
of harvester ants. 
Treatment Day 1 
(no food) 
Test (+food) 88 
Control (-food) 156 
Test (+food) 132 
Control (-food) 469 
Test (+food) 47 
Control (-food) 541 
Test (+food) 83 
Control (-food) 86 
Day 2 
(food added) 
85 
69 
1054 
555 
531 
177 
140 
23 
Relative activity 
(Day 2 : Day 1) 
0.97 
0.44 
7.98 
1.18 
11. 72 
0.33 
1.69 
0 . 27 
Relative increase 
in activity after 
addition of food 
2.20 
6.76 
35.0 
6.27 
Foraging success 
rate 
no food food added 
26% 
25% 
57% 
14% 
55% 
100% 
96% 
55% 
Cl) 
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CHAPTER FIVE 
FUNCTION IN THE ANT COMMUNITY 
5.1 Introduction 
There have been basically two approaches to the s tudy o f 
function within a community. One is to examine the trophic 
structure, i.e. to determine by what paths food energy is tran s -
ferred throughout the system, and then attempt to quantify along 
some or all of the paths to determine the relative importance of 
the component species or trophic groups (Lindemann 1942, Odum 1957, 
Phillipson 1966, Engelmann 1968). This has led to the systems 
analysis approach of modelling communities (Watt 1966). Attempts 
have been made to construct such energy flow models through ant 
communities (Baroni-Urbani 1972, Desert Biome Modelling Report 
No. 4, 1971), but actual experimental measurement of energy 
transfer has been restricted to single species. Galley and Gentry 
(1964) estimated that energy flow through a population of the 
2 harvester ant PogonomyY'ITleX badius was 14 to 48 kgcal/m /year, 
which made it the most important granivore in the area. Rogers 
et al. (1972) looked at a related harvester P. occidentalis, and 
found that energy flow in the population they examined was only 
about 10% of that in P.badius . Lastly, leaf cutter ants such as 
Atta colombica may take in as much as 2.6% of the total energy 
grazed by herbivores in tropical forests (Lugo et al . 1973). 
The other approach is to examine the type and range of 
food resources being used by the different species, rather than to 
reduce everything to a common caloric equivalent. This method 
enables the food requirements of a species to be studied in finer 
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detail , and is especially useful when examining the partitioning 
of resources between species sharing the same trophic level. 
Examples of this are the studies by Hansen and Ueckert (1970) on 
grassland herbivores, and by Terborgh and Diamond (1970) on tree -
feeding birds. Comparative studies of resource use by relate d 
groups of ants have been made by Abe (1971) and Whitford (1973), 
and many studies have examined resource use in single species 
(see review by Carroll and Janzen 1973). 
The present study has borrowed from both approaches. The 
initial step has been to construct a simplified food chain passing 
through the ant community and briefly examine the trophic structure. 
Such a food chain shows the various trophic levels at which the 
ant species may function. However, as a primary aim of thi s study 
is to examine interactions between coexisting species, the second 
approach was used to examine the way in which individual members 
of the various trophic groups partitioned the available resources. 
Consequently, the foraging behaviour and diets of representative 
ant species are discussed in Sections 5.3 and 5.4. The fact that 
the five species of seed-harvesting ant account for almost half 
of the colonies found on the study site indicates a high degree of 
success in a semi-arid environment. Therefore the feeding 
strategies of these species are examined more closely to determine 
what advantages there are in obtaining energy through this source. 
5.2 Trophic structure of the ant community 
A simplified food-chain of the ant-plant system at 
Emmet Vale is presented in Fig. 5.1 to show the major energy paths 
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and trophic interactions. There are three basic paths through 
which energy enters the ant cormnunity from the plant source; the 
first through the seed store to the harvester ants, the second 
from phytophagous insects to predatory and scavenger ants, and 
the third either passing through sap-sucking insects to their 
attendant nectar-collecting ants or going directly to these ants 
through plant nectaries. These paths then anastamose as they 
pass through the pool of predatory and scavenging ants and on to 
the non-formicide predators and scavengers. 
A complicating factor in the construction of this food 
chain is that many of the species exhibited broad food usage, 
overlapping the trophic categories shown in Fig. 5.1. 'e.g. 
s ome species which collected honey-dew and nectar, also scavenged 
and acted as predators. However, allowing for this overlap, six 
separate foraging categories were recognized in the ant fauna, and 
the species assigned to each are shown in Table 5.1. This table 
shows that the majority of species tend to be fairly unspecialized 
omnivores (15 of the 27 species that were classified). However, 
looking at relative colony abundance, it can be seen that 
although only 5 of the 37 species (14%) were harvester ants, they 
accounted for 42% and 53% of colonies in the saltbush and grass 
plots respectively. This suggests that the seed store+ harvester 
ant energy path is an important link in the system. Ants that 
attended sap-suckers or collected nectar as part of their di e t 
accounted for 31% and 14% of the colonies respectively, and the 
other groups showed a decrease in relative abundance as more of 
hi~her 
their energy intake came from :i.....:- trophic levels. Thus some 
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Seed store 
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Harvester ants 
Plant source 
Other 
phytophagous 
insects 
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Predator ants 
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Scavenger ants 
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Other predators 
and scavengers 
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Nectar-collecting 
ants 
Fig~re 5,1. Simplified food chains passing through the ant 
community.· 
idea of the relative importance of thes e functional groups was 
obtained without having to quantify the variables in energy terms. 
5.3 Resource use by non-harvester species 
The range of food items taken by the various non-harvester 
species was determined by either one or both of two sampling 
techniques. The first was to remove items from worker ants return-
ing to the nest and the second was to collect the rejecta from 
middens about the nest entrance and identify the discarded frag-
ments. This latter technique was biased toward species with hard 
exoskeletons (e.g. Formicidae, Coleoptera) as the remains of 
softer-bodied insects were either lost or too badly fragmented to 
be identified. Consequently, the collection of forage from return-
ing workers gives a truer indication of dietary composition. 
Finally, no attempt was made to examine seasonal changes in diet, 
so that the forage data given here was pooled over a full range 
of seasons. 
5.3.1 Predatory species 
a) Specialist predators 
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The specialist predators (Cerapachys sp. and Sphinctomyrmex 
sp.) are of uncertain importance in the ant community. Field 
observations suggest they are fairly specific predators of the 
larvae and pupae of other ant species, entering the nests by under-
ground tunnels and fissures. Only one obseryation was made of 
Cerapachys sp., when it was raiding a nest of Rhytidoponera 
metallica and carrying offimmature forms. The ants were emerging 
from the nest entrance, but rapidly retreated again suggesting an 
aversion to surface activity. It belongs to the tribe Cerapachyini 
which Brown and Taylor (1970) have ascribed as specialist 
myrmecophages. Only two observations were made of Sphi nc t omyrmex 
sp. which is a smaller species, closely related to the cerapachyines. 
On both occasions it was taking immatures from nest s of Chelaner 
(rothsteini) in similar circumstances to that described for the 
Lioponera raid. Wilson (1958) has also reported raids on ant 
colonies by other Australian members of the genus, as well as b y 
species of the genera Cerapachys and Phyracaces . (These two 
genera have recently been synonymised as Cerapachys by Brown 
(1973)). Unfortunately, because of their subterranean existence 
no estimate of their relative abundance could be obtained. However , 
the one prey species Ch . (rothsteini) showed a distinctive esc ape 
response by carrying larvae and pupae away from the attacked nest. 
This behaviour was observed on four other occasions which suggests 
these subterranean predators may be a fairly important part of the 
food chain. 
b) Generalist predators 
The only species assigned to this category is Odontomachus 
sp. and like the two specialist predators belongs to the subfamily 
Ponerinae. It is possible though that the two myrmicine ants 
Epopostruma sp. and Mesostrwna sp. should be included here. They 
are both members of the tribe Dacetini which Brown and Wilson (1959) 
ascribe as being highly predacious on smaller soft-bodied inverte-
brates. However they were both rare, and as no observations on 
their foraging were made they were left in the group of species 
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with unknown food use. Odontomachus sp. is a solitary forager, and 
in the few observed incidents captured its prey by snapping repeat-
edly at them with its long toothed jaws. From prey items removed 
from workers, and collections of middens fragments (Table 5.2) it 
can be seen that other ants form a large part of its food intake. 
Ant species taken included Pheidole spp. , Chelaner (whitei) , 
Iridomyrmex spp. and Ccunponotus spp: suggesting a fairly wide 
range. Harvester species however made up over 70% of the total ant 
prey, suggesting a strong link in the food chain between these 
species. 
c) Predator-scavengers 
This group of the three species of Rhytidoponera (also 
ponerines) and the Formicine Melophorus sp.3 are the specie s 
which not only take live prey, but also scavenge dead invertebrates 
found on the ground surface. Rhytidoponera spp. are solitary 
foragers,but Melophorus sp.3 forages with large numbers of workers 
running about rapidly and in apparently random fashion. This 
enables a large area to be covered in a comparatively quick time. 
It seems to be an adaptive behaviour as these ants are only active 
at high surface temperatures (over 37°c) which reduces the periods 
sui table for activity. This species showed the least predacious 
behaviour of this group. The range of forage items and 
identifiable middens fragments are shown in Table 5. 2 . The se 
species again show a strong dependence on other ant species as a 
source of energy. Melophorus sp.3 took the widest range of ant 
species (Pheidole spp., Chelaner spp., Odontomachus sp., 
Rhytidoponera spp., Iridomyrmex sp.1) of which harvester ants 
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TABLE 5.2 Forage items (% by number) taken by 
predator and predator-scavenger ants. 
Forage Item Odontomachus Rhytidoponera Rhytidoponera Melophorus 
sp. metallica convexa sp. 3 
F* M F M F F M 
Formicidae 72 47.4 53 76.0 52 73.0 
Coleoptera 14 20.0 6 1.5 4 2.7 
Isoptera 14 6 1. 5 4 
Orthoptera 7.6 16 4.0 
Araneida 2.0 9 3.0 4 2.7 
Diptera 20 3.0 16 
Lepidoptera 3 4 
Unidentified 
larvae 3 100 
Unidentified 
fragments '23.0 15.0 13.6 
N** 15 95 . 34 67 25 2 74 
·* 
** 
in this and the next table F = diet detennined by forage 
collected from returning workers, M = middens fragments 
which are biased towards species with hard exoskeletons. 
N = the nwnber on which the sample was based. When the 
sample size was small the percentages of forage items 
were rounded. 
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formed 68% of the total. Of the species taken (which were collected 
from nest middens) only IridomyT'tTlex sp.l is active at similar times 
to Melophorus, which shows that those ants taken were probably 
dead workers that had been removed from their home nests. The 
removal of dead ants from nests is a fairly stereotyped behaviour 
pattern in ants, that is induced by decomposition products (Wilson 
et al. 1958). Once abandoned the dead ants provide a potential 
food source for scavenging species such as Melophorus. For 
Rhytidoponera spp. almost 50% of the ants in their diet consisted 
of newly-mated queens that they had captured on the ground surface. 
Most of the remaining worker ants were harvesters (90%) but a 
wider range of species were preyed on or scavenged (Pheidole spp., 
Chelaner spp., Polyrhachis sp., Odontomachus sp., Iridomyrmex sp.l, 
Meranoplus spp). 
Although the relationships are not quantified these data 
allude to the importance of ant-ant predatory interactions, and 
point to one way in which energy is channelled off from the 
harvester species. Thus although these predators have little 
influence on the abundance of harvester ants (as pointed out in 
Chapter 3) they do depend on them for a large proportion of their 
energy intake. Furthermore, they also benefit from natural 
mortality in the harvester ants by scavenging the discarded corpses. 
Ants are not the only dietary items taken, and a wide range of 
other invertebrate taxa were collected. The effect that the ants 
might have had on these non-social species is not known. However, 
it has been shown that predatory ants reduced the density of 
various invertebrates by up to 50% in a Polish meadow system 
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(Petal and Breymeyer 1969, Petal et al. 1971, Kajak et al . 1972), 
which suggests they may be capable of exerting a strong influence 
on general community function. 
5.3.2 Orrrnivorous feeder s 
a) Nectar-collecting omnivores 
This class includes those ants which derive a· proportion 
of their energy intake by either collecting nectar directly from 
plants, or collecting the exudates (honeydew) of sap-sucking 
insects (e.g. Aphidae, Coccidae, Homoptera). The collection of 
nectar and honeydew occurs in many species of ants (see Nixon 
1951, Way 1963, Sudd 1967). Way (1963) points out that apart from 
s ugars, honeydew contains amino acids, proteins, minerals and 
vitamins and could serve as a complete food source. However, 
species that do collect it also show some predatory and scavenging 
behaviour, and Carroll and Janzen (1973) suggest that the sugars 
in these substances are important primarily as a source of energy 
for the worker ants while they were foraging for lipid- and 
protein-rich prey. Such food items were collected from two species 
assigned to this group - Iridomyrmex sp.l which was the most 
abundant ant on the saltbush plot, and I.purpureus which formed 
large colonies elsewhere in the saltbush area. These are shown 
in Table 5.3. Camponotus spp. were very timid and few were seen 
carrying any food items, so that a dietary list could not be 
compiled. However, one observation of Camponotus sp.2 carrying 
a dead Diptera, and one of a dead Lepidoptera were made. They 
were also observed collecting exudate from coccids on At~iplex 
Vesicaria bushes, and taking nectar from flowers of the composite 
Podolepis muelleri. 
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TABLE 5. 3 Forage items (% by number) taken by omnivorous ants 
Forage item 
Forrnicidae 
Coleoptera 
Isoptera 
Orthoptera 
Araneida 
Oiptera 
Lepidoptera 
Other Hyrnenoptera 
Hemiptera 
Oerrnaptera 
Unknown larvae 
Unidentified fragments 
Annelida 
Crustacea 
Nectar 
Honeydew 
Seeds 
Plant Fragments 
N 
Iridomyrmex 
sp.l 
F* 
7.5 
4.7 
30.0 
6.5 
10.3 
9.4 
3.7 
4.7 
8.4 
1. 8 
6.5 
5.6 
+ 
+ 
+ 
+ 
+ 
107 
Iridomyrmex 
purpureus 
F 
7.4 
3.7 
5.6 
7.4 
3.7 
27.8 
1.8 
5.6 
1.8 
20.4 
14.8 
+ 
+ 
54 
Melophorus 
sp.l 
F 
40 
4 
4 
8 
8 
16 
20 
25 
Xiphomyrmex 
sp. 
F M 
35 68.0 
5 7.6 
1. 5 
10 3.0 
1. 5 
10 13.8 
30 + 
10 4 . 6 
20 66 
+ means item taken , but the amount was not quantified. 
* items collected from foraging ants , M = collection from 
nest middens. 
Meranoplus 
sp.l 
F 
7 
4 
14 
10 
44 
21 
28 
,!) 
:;'I 
Table 5.3 shows that both species of Iridomyrrnex take a 
wide range of invertebrate food items, though other species of ants 
form only a small part of this, in contrast to the more predatory 
ants. Both species form foraging trails and are able to rapidly 
recruit workers to new food sources. Further, cooperative efforts 
by workers enable larger items to be brought back to the nest than 
a single worker could move alone, and even if the food source is 
too large to be moved the ants can monopolize it by sheer numbers 
until they have broken it up and carried the pieces to the colony. 
This occurred in the case of some large Orthoptera or Araneida 
that were being scavenged. Most of the food items were in fact 
scavenged, but predation did occur on the relatively sedentary and 
soft-bodied insects such as termites (Isoptera) and various larvae. 
I ridomyrmex sp.l also demonstrated its feeding opportunism by 
collecting small annelids and crustaceans from drying pools after 
heavy rains. In the saltbush plot it appeared to derive quite a 
large proportion of its energy intake from the exudates of sap-
sucking insects infesting AtripZex vesicaria (mainly the coccid 
PuZvinaria maskeZZi Olliff, plus a few unidentified Homoptera). 
The table does not indicate the importance of this as a food 
source, but there was an increase in nests of Iridomyrrnex sp.l 
following a rise in density of the coccids. Furthermore, leaves, 
twigs and earth were built up in a mound around the base of in-
fested A.vesicaria bushes, which provided bases from which the 
ants patrolling the bush and tending the coccids operated. This 
increase in nest numbers suggests the energy obtained this way is 
quite significant. I.purpureus was not observed tending such 
insects, but like I.sp.l it collected nectar from flowering 
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plants - mainly Podolepis muelleri. This group then are even more 
generalist feeders than the predator-scavengers, both in the 
range of animal food items collected and because they tap a 
further food supply in plant and animal exudates. 
b) Seed collecting omnivores 
This group of ants show similar scavenging behaviour as 
the previous one, andarealso occasionally predatory. The diff-
erence between the two groups is that the former supplement their 
diet by nectar and exudate collection, and the latter do not do 
this but instead collect seeds. Melophorus sp.l is mainly a 
scavenger, but will take soft-bodied larvae as live prey, and as 
Table 5.3 shows it also collects a small proportion of seeds. 
Those taken were Danthonia caespitosa, Chloris truncata and 
Atriplex vesicaria. A certain amount of controversy surrounds the 
suggested seed-harvesting behaviour in the genus Melophorus. It 
is a formicine genus and previously all substantiated claims of 
seed-harvesting had been of ants belonging to the sub-family 
Myrmicinae . Doubts of previous reports of harvesting by Melophorus 
(McAreavey 1947) have been expressed by Brown (1955), ~ut further 
reportp continue to be made (Russell et al. 1967, Greenslade 1973a). 
From these and the observations in this study it seems certain 
that some species of Melophorus do collect seeds. No evidence 
was found that they were eaten in the nest, but Brian et al . 
(1965) have described the occasional collecting of seeds in another 
formicine genus Lasius in which the caruncle of the seed was 
eaten. It would seem then that granivorous behaviour occurs to 
a small extent in the formicines even though the peak of develop-
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ment of this behaviour has been in the myrmicine ants. The other 
seed collecting omnivores are in fact myrmicines, and show differ-
ent foraging behaviour. Melophorus sp.l forages in the rapid, 
random fashion described for the more carnivorous M.sp.3, but the 
myrmicine ants Xiphomyr>mex sp. and Meranoplus sp . l are both slow-
moving solitary foragers. There are no previous reports of 
Xiphomyr>mex species taking seed, but several observations of seed 
collecting in the genus Meranoplus have been made (Tryon 1888, 
Russell et al. 1967). The granivorous behaviour of XiphomyY'mex 
sp. seems to be a case of feeding opportunism, as they were only 
seen taking seeds of Sporobolus caroli when there was a heavy crop 
from this grass, and also seeds of Brachycome spp. under similar 
conditions. Middens fragments included a large number of 
Sporobolus husks, plus a range of invertebrate parts. These were 
mainly ant fragments (68%) from Pheidole spp., Camponotus spp., 
Rhytidoponera sp., Iridomyr>mex sp.l and Monomoriwn sp. Harvester 
ants of the genus Pheidole formed a large proportion of these (60%), 
although only the minor worker castes were taken. Predation of 
minor workers of Pheidole sp.2 was observed in one instance, but 
scavenging also occurred. Meranoplus sp.l took the greatest 
proportion of seeds (44%) of this group and these were from 
D.caespitosa, S.caroli and some unidentified composite seeds. It 
also scavenged small invertebrates including the ant Monomoriwn 
sp., and took the anthers and pollen of male Atriplex vesicaria 
bushes when these were produced. Thus these species also have 
a very generalist foraging strategy. 
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5.3.3 Comparative foraging strategies of the non-
harvesters 
The most notable feature of resource use by the non-
harvester species is that, apart from differences which have been 
used to distinguish the various groups, there is a wide overlap 
in the food items collected, even between groups. This occurs 
especially in the case of ants with large components of scavenged 
material in their diet. However, as Carroll and Janzen (1973) 
have pointed out, the food items taken by scavengers are generated 
by a large number of processes and are therefore highly unpredict-
able in both quantity and location. Hence a very generalist 
selection of the type of material available would appear to be 
necessary to ensure a regular supply of food energy. There 
appears to be some separation of food items - both scavenged and 
predated - on the basis of size. The smaller ants such as 
Meranoplus sp.l and Xiphomyrmex sp. were restricted to taking 
smaller food items than the larger ants such as Rhytidoponera and 
Melophorus species. The size of the food item does not appear to 
be a limit in the case of Iridomyrmex spp. as they forage in 
trails and are able to recruit large numbers of workers to a food 
source, enabling items which would otherwise be too large to be 
taken. The phenology of prey items also serves as a basis for 
species separation of forage - ants more reliant on scavenging 
such as Iridomyrmex spp. and Melophorus spp. restrict predation 
to soft-bodied or relatively defenceless invertebrates such as 
termite workers and larvae, while the more specialized predators 
such as Odontomachus sp. will take prey with hard exoskeletons 
such as Formicidae and Coleoptera. 
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Overall the majority of non-harvester species have a 
broad range of food intake. Such generalist strategies are found 
in most species of ants (Carroll and Janzen 1973), and apparently 
is a highly successful method of resource use in terms of 
evolutionary success. It would seem to be even more adaptive to 
a variable environment such as the semi-arid, where it would 
result in the most efficient use of an unpredictable food supply. 
5.4 Resource use by harvester species 
The harvester group contains the five species that obtain 
the greatest proportion of their energy intake from seeds of 
various plants. They are CheZaner(whitei), Ch. (rothsteini) 
and PheidoZe spp. 1, 2 and 3. There have been many references in 
the literature to seed-harvesting by members of the genus PheidoZe 
(Wheeler 1910, Sudd 1967). Reports of harvesting in Australian 
species have been made by Tryon (1888), Russell et aZ. (1967), 
Campbell (1966), McGowan (1969) and Greenslade (1974a). Fewer 
observations of seed-harvesting have been made for the endemic 
genus CheZaner, but those that do (Russell et aZ. 1967, Greenslade 
1972) suggest it is a conunon behaviour in this genus. Ettershank 
(1965) mentions modifications of the clypeal teeth in some species 
of Chelan.er, which could be an adaptation for gathering seeds. All 
five harvester species at "Enunet Vale" show similar foraging behav-
iour in that seeds are collected mainly from the ground surface, 
but occasionally removed directly from plants by the worker ants, 
which travel along trails to specific foraging areas. The seeds 
are then brought back to the nest either husked or unhusked and 
stored in underground granaries. Observations on laboratory 
colonies showed that the ants remove the pericarps of stored 
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seeds , and then chew the endosperm to a paste which is presented 
to the larvae. In some cases whole seeds were given to the larvae. 
The adult ants may ingest some of this material themselves, but 
Went et al. (1972) have suggested that the larvae of harvester 
ants might digest the food and pass it on to the adults. This 
could not be proven in the present study, but some form of 
trophallactic exchange between larvae and adults was observed. 
Thus, seeds are not only a valuable food source because they can 
be stored in the nest for long periods, but also because they 
have a high nutrient content - storing lipid, protein and, 
especially in the case of grass seeds, starch (Baker 1972). 
5.4.1 overall composition of forage 
In order to examine the dietary composition of the 
harvester ants at "Emmet Vale" seeds were removed from returning 
worker ants and identified. This was done for all species at 
monthly or bimonthly intervals from winter 1971 to autumn 1973 -
incorporating two full harvesting seasons for the ants. Collec-
tions were made in both the saltbush plot and the grass plot, and 
to supplement this, data on nest granary contents were also 
obtained. Plate 5.1 shows a range of the seeds harvested by the 
ants. These collections enabled both information on differences 
in resource use between habitats and seasonal changes in resource 
use to be obtained, as well as interspecific differences in diet. 
However, as it is intended to discuss the implications of such 
differences on competition, species coexistence and community 
structure in detail in Chapter 6, the following is restricted to a 
description of the foraging strategies and resource use of the 
harvester ants. 
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-• AtripZex vesicaria MaZococera tricornis 
Kochia pentagona Kochia cheeUi PZantago varia 
·, 
' 
Goodenia pusillif'lora Minuria aunninghami Stipa variabiZis 
I 
Danthonia caespitosa SporoboZus caroli Chloris truncata 
Plate 5.1. Seeds and fruits collected by the harvester ants at 
11 Enunet Va 1 e 11 • ( 8 X) 
Comparative diets of the five species for both saltbush 
and grass plots are shown in Tables 5.4 and 5.5, and represent 
the relative contribution of seed species to the overall food in-
take over the two year period. The values are weighted in that 
the data from each collecting period has been multiplied by the 
proportion of nests of the species active at that time. This 
gives a more realistic result than just lumping the data, as it 
makes allowance for seasonal changes in foraging intensity. The 
data was also analysed twice, once based on the relative numbers 
of seeds taken and again based on relative weights of seed intake. 
This is because there are two problems of interest: 
1) whether there are any differences in the way the harvester 
ants partition the available resources - and as the collecting of 
one type of seed rather than another indicates a difference in 
choice, seed number is the important criterion; 
2) what contribution each seed species makes to the overall 
energy budget of the ants - here the concern is with absolute 
amounts, and as the calorific contents of the seed species ~re 
similar, varying from 4.4 to 5.2 kcal/gm (Cummins and Wuycheck 
1971), seed weight is a good estimator of energy content. 
A further problem, which will be considered in Chapter 7, 
is the influence of the ant species on the vegetation structure 
through their granivorous behaviour. As one seed is capable of 
producing one plant regardless of its weight, seed number is also 
the important criterion when considering this. 
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TABLE 5.4 Forage items taken by harvester ants (\) over a 2-year 
period in the saltbush plot based on al number and bl 
weight. 
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Forage it-• Chelaner Chelaner Pheidole Pheidole Pheidole 
(whitei} (roth6teini} sp. l. sp. 2 sp. 
No. Wgt. No. Wgt. No. Wgt. No. Wgt. No. 
Atriplex vesicaria 72.6 78.3 12.7 18.5 38.0 46.9 l 5 6 
ltalacocer• tricornis 7.2 7.3 0.8 1.4 1.8 2.0 
1Coch1• •ph!lll• 1.0 1.5 0.2 0.3 0.7 1.2 
IC, pentagona 4.3 3.4 0.3 0.6 l 
IC, cl»elii 0.7 1.5 0.3 0.2 0.2 0.3 
Ba.ssia br•ch!lpter• 1.2 0.9 0.6 0.6 0.6 0.3 
Danthonia caespitos• 0.9 0.2 4.5 2.3 1.0 0.3 1 
Sporobolus caroli 1.2 0.1 29.2 14.2 19.4 3.4 68 44 46 
Chloris truncata 1.3 0.3 15.9 7.3 0.5 0.2 5 7 5 
Vulpia 111!/UEOS 0.8 0.2 0.4 0.2 0.1 0.1 
Stipa variabilis 0.1 0.2 
BQrdewn leporinum 0.8 0.6 
Plantago varia 0.8 0.5 3.3 2.2 0.2 0.1 2 
ltinuria cunninghanli 10.6 10.0 
ltedicago pol!J111C)rpha 0.8 1.8 l. 5 6.0 1.8 4.0 2 5 2 
Goodenia pusilliflora 0.5 0.2 
Bypo:Jtis pusilla 0.2 0.1 0.4 0.1 1 1 
Sttainsona oriboides 0.3 0.1 0.1 0.1 1 1 
unidentified seeds 1.8 0.5 1.1 0.4 l.l 0.6 2 3 
Other plant matter 4.0 3.2 13.8 29.9 30.0 35.0 13 25 33 
Insect matter 0.4 0.1 3.7 5.5 3.6 3.9 7 10 4 
N 564 380 mg 733 273 mg 1309 602mg 66 5mg 76 
• in this and the next table forage items are seeds unless otherwise mentioned 
N • .sample size 
The values are rounded for Pheidole spp. 2 & 3 because of small sample size 
3 
Wgt. 
10 
2 
4 
24 
7 
2 
7 
38 
6 
17 mg 
TABLE 5.5 
Forage items 
Kochia pentagona 
K. cheelii 
Bassia brachyptera 
Danthonia caespitosa 
Sporobolus caroli 
Chloris truncata 
Vulpia myuros 
Stipa variabilis 
Hordeum leporinum 
Plantago varia 
Minuria cunninghami 
Medicago polymorpha 
Goodenia pusilliflora 
Forage items taken by harvester ants (%) 
over a 2-year period in the grass plot 
based on a) number and b) weight 
Chelaner Chelaner Pheidole Pheidole 
(whitei) (rothsteini) sp.l sp.2 
No. Wgt. No. Wgt. No. Wgt. No. Wgt. 
26.0 33.0 o. 2 o. 3 9.0 19.5 
9.4 11.0 0.2 0.4 4.3 10.5 
0.2 0.2 0.6 1.6 
17.5 8.5 8.5 7.2 10.5 5.3 5 6 
0.8 0.1 36.8 16.8 39.7 9.7 66 46 
18.7 6.8 25.9 13.1 3.6 1.2 3 2 
0.4 0.3 0.5 0.4 
11.0 13.6 1.5 6.1 0.1 0.4 
2.9 7.6 0.6 1.8 
1.0 0. 7 0.6 1.0 4.3 2.8 
0.2 0.3 10.7 13.0 1 1 
0. 2 o. 7 1.2 4.8 1. 7 8.0 
4.5 6.5 1.1 3.3 4.2 2.3 
Brachycome campylocarpa 0.8 0.8 o. 5 0.3 
Calotis hispidula 1.6 1.6 0.2 0.2 
Daucus glochidiatus 0.2 o. 3 0.2 0.4 
Hypoxis pusilla 1.0 0.2 0.3 0.1 1 1 
Unidentified seeds 1. 7 1.4 1.4 1.8 5.5 2.1 3 3 
Other plant matter 3.3 6.8 7.9 26.2 10.9 25.4 18 36 
Insect matter 2.1 5.0 4.0 9.5 3 5 
N. 717 388 663 135 548 163 73 8 
mg mg mg mg mg mg mg mg 
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TABLE S. 6 
Plant type Seed 
shrubs Atriplex vesicaria 
Malacocera tricornis 
Kochia aphylla 
Dwarf shrubs K. pentagona 
K. cheelii 
Grasses Sporobolus caroli 
Chloris truncata 
Danthonia caespitosa 
TOTAL 
Estimates of seed production by the most common p1ants 
in the saltbush and grass plots between winter 1972 and 
autumn 1973. 
Weight of Saltbush plot Grass plot 
one seed (mg) Number Weight (gm) Number 
0.76 800,000 610 0 
0.76 50,000 40 0 
1.80 35,000 65 0 
0.62 25,000 15 1,350,000 
0.61 10,000 6 650,000 
0.05 16,000,000 850 33 , ·000, 000 
0.11 510,000 56 2,300,000 
0.20 40,000 8 360,000 
17,460,000 1650 gros 37,660,000 
Weight (gm) 
0 
0 
0 
840 
400 
1750 
250 
70 
3310 gms 
f-' 
0 
"' 
Estimates were also made of seed production by the more 
common plant species over the latter half of the sampling period -
from winter 1972 to autumn 1973. Estimates of plant density were 
d . d d t (25 l 2 . 1 d ) ma e ~sing ran om qua ra s x 5 m circu ar qua rats, and 
these were multiplied by the number of seeds per plant. In the 
case of the shrubs seed counts were made by collecting fallen seed 
in mesh bags around the base of the plants, and estimates of ground 
flora seed numbers were made by counting the seeds in ten randomly 
selected plants. The data is summarized in Table 5.6 which shows 
individual seed weights and the relative production of seeds within 
2 
and between the two 500-m plots. This information is useful in 
interpreting the differences in seed selection by the different 
harvester ants shown in Tables 5.4 and 5.5. 
Tables 5.4 and 5.5 show that the ants collect a wide 
range of seed and other items. Including unidentified seeds 
Pheidole sp.l took 32 species of seed, Ch.(rothsteini) took 27, 
Ch. (whitei) took 25, and Pheidole spp. 2 and 3 each took 10. 
Other studies have also shown seed-harvesters to collect many 
species of seed. Species of the genus Pogonomyrmex took from at 
least 11 up to 31 kinds of seed (Cole 1932, Willard and Crowell 
1965, Whitford 1973), and Tevis (1958) listed 14 seeds in the diet 
of Veromessor pergandei. Broad seed diets therefore seem to be a 
conunon trait of harvester ants. 
Altbough most of the seeds are conunon to the diets of the 
harvester ants at Emmet Vale, there are marked differences in the 
relative proportions of the various seeds collected by the 
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different ants. In the saltbush, the largest ant CheLaner 
(whitei) collected mainly the seeds of the dominant shrub AtripLex 
vesicaria (72.6%), and to a much lesser extent the seeds of other 
chenopods , with only a small proportion of grass and forb seeds. 
The main item collected by PheidoLe sp.l was again A.vesicaria 
seeds (38%), but it also took a high proportion of smaller grass 
seeds (21%), in particular SporoboLus caroLi. Ch. (rothsteini) 
collected predominantly seeds of the grass S.caroLi and Chloris 
truncata (45.1%), and in addition a small amount of A.vesicaria 
seed (12.7%). Seeds of the composite shrub Minuria cunninghami 
also formed a significant part of its diet (10 . 6%). As the other 
harvester species took virtually none of these seeds, it was the 
only case of the exclusive use of a particular seed by one ant 
species. It could be that because Ch . (rothsteini) took these seeds 
directly from the flower heads, the other ants which foraged 
exclusively on the ground surface were denied the opportunity to 
collect them. In the smallest harvester ants PheidoLe spp. 2 and 
3, the proportions of small grass seeds increased (73% and 52% 
respectively), but some forb and chenopod seeds were also taken. 
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In all the species except Ch. (whi tei) a small proportion of insect 
or other invertebrate matter (3.6 to 7%) was taken, and supplemented 
the basic seed diet. Furthermore, these species also collected a 
high proportion of non-seed plant matter, such as twigs, leaves, 
male fruit and anthers of A.vesicaria , other leaves and pieces of 
straw etc (13 to 33%). Apart from the pollen-rich anthers, none 
of this material seemed edible, and much of it was found discarded 
about the nests later. The collection of such material has been 
recorded for most harvester ants (Tevis 1958, Willard and Crowell 
1965, Whitford 1973). The reasons for this behaviour are not 
really understood, but Went et aZ. (1972) have suggested the ants 
may collect plant fragments because they have a similar odour to 
the seed of that plant. 
The data for the grass plot showed a similar trend as the 
saltbush. From Table 5.6 it can be seen that in the absence of 
the chenopod shrubs dwarf Kochia species have increased in abund-
ance and Ch.(whitei) collected a high proportion of these large 
seeds (35.4%). The grasses and forbs that occurred between bushes 
in the saltbush plot were also more abundant, and a corresponding 
increase in the number of larger grass seeds such as Danthonia 
caespitosa and Stipa variabiZis (28.5%) as well as the small seeds 
of C.tr>uncata (18.7%), and to a lesser extent other forb seeds 
appeared in the diet of Ch. (whitei). The proportion of S.caroZi 
seeds increased in the diet of PheidoZe sp.l (39.7%), as did the 
proportions of the other grass and forb seeds. Kochia spp. seeds 
were also taken, but fewer than were collected by Ch. (whitei) 
(13.3%). Ch. (rothsteini) took much the same as in the saltbush 
plot, concentrating on small grass seeds (63.1%) and the forb 
M.cunninghami (10.7%). PheidoZe sp.2 also took these small grass 
seeds (69%), and although no quantitative data was obtained for 
PheidoZe sp.3 it was observed taking S.caroZi and C.tr>uncata 
seeds. The data on collection of animal matter and non-seed plant 
material largely corroborated the findings from the saltbush plot. 
When the data was reanalysed on the basis of seed weight 
the importance of the smaller seeds such as grasses like S.caroZi 
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was reduced, and the larger forb and chenopod seeds were emphasized. 
This means that in the saltbush plot A.vesicaria is an even more 
important source of energy for the ants than would be suggested by 
a mere count of seeds, while in the grass plot the dwarf Kochia 
species are similarly important. However, S. caroli and C. t runcata 
still remain important sources of food energy, especially in the 
cases of the smaller Pheidole species which take few larger seeds. 
5.4.2 Seasonal changes in forage 
When the data for individual collecting periods are 
examined, it can be seen that there were marked seasonal fluctua-
tions in the relative proportions of seeds harvested by the ants. 
These changes for the three main harvesters Chelaner spp. and 
Pheidole sp.l are shown in Figs. 5.2 and 5.3. The forage intake 
has been grouped into five categories to maintain clarity in the 
figures. These are A.vesicaria seeds, other chenopod seeds, forb 
seeds, grass seeds and animal matter. Non-edible plant matter 
has been omitted from the data used to construct these figures, 
and the percentages of food items were adjusted accordingly. 
The data for the two smaller harvesters Pheidole spp. 2 and 3 
was insufficient to allow an accurate seasonal breakdown. 
The changes in food composition that occurred in the 
saltbush plot are shown in Fig. 5.2. The pattern of change in 
Pheidole sp.l is characterized by three peaks in the proportion 
of A.vesicaria being harvested, and these occurred at times 
during or just after heavy seed crops of this shrub in November-
December 1971, October-November 1972 and April-May 1973. These 
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Fig. 5.2. Seasonal changes in the diets of three species of 
harvester ants in the saltbush plot. 
Animal matter •••••••••••• t •• 
Grass seeds ................. 
Farb seeds .................. 
Other chenopod seeds ....... . 
Atriplex vesicaria seeds .... 
The seeding times of the more important plant 
species are included, to show how seedintake is 
related to the time of production. 
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Fig. 5.3. Seasonal changes in the diets of three species of 
harvester ants in the grass plot. 
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seeds remained concentrated under the bushes, and trail s of ants 
led to particular bushes under which the ants were collecting the 
seed. In April-June 1971 and May-June 1973 there wa s heavy produc-
tion of S.caroli seeds, which Pheidole sp.l harvested avidly, and 
this was the main reason for the high proportions of the grass seed 
category at these times. The proportions of other chenopod and 
forb seeds remained low and did not vary greatly over the study 
period , though there were changes in the individual component 
species . Similarly, the proportion of animal matter remained 
small but fairly constant which suggests that scavenging, although 
it is opportunistic, forms a regular source of energy. Ch . (whitei) 
also showed a similar response to the presence of newly fallen 
A.vesicaria seeds, by increasing its foraging intensity and taking 
large amounts of these seeds from under the bushes. There wa s a 
slight increase in the grass seed intake when these were produced 
in April-June 1972, but generally the remainder of the diet con-
sisted of other chenopod and forb seeds, all of which were 
harvested more intensely when they were newly fallen. On only one 
occasion - in October 1972 was a piece of animal matter taken. 
The pattern shown by Ch. (rothsteini) was considerably different 
than the other two species . When they recommenced surface activity 
in October 1971 no fresh seed was available, and their diet con-
sisted largely of A. vesicaria seeds which were old and withered . 
However, when there was a fresh fall of this species in November, 
they took very few and preferred the seeds of the forb Minuria 
cunninghami, which were removed directly from the flower head of 
the plant. Thi s wa s the only instance whe n seed s were not 
collecte d on the ground s urface or from fallen plants. In 
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February and March 1972 grass seeds formed the most important part 
of the diet, first the earlier seeding C.truncata and later S.caroli. 
When they resumed activity after the winter dormancy in October 
1972, there were still large numbers of grass seeds remaining on 
the surface and these were collected. As they became scarcer the 
ants began to raid what were apparently abandoned underground 
granaries of S.caroli and C.truncata seeds. Fresh seeds of these 
and M.cunninghami were again taken after new crops appeared in 
April-May 1973. Like Pheidole sp.l the proportion of animal 
matter intake remained small but constant. 
The seasonal changes of forage items in the grass plot 
shown in Fig. 5.3 largely reflect the findings for the saltbush 
plot. Initially Pheidole sp.l collected mainly Plantago varia 
and other old weathered seeds, but when fresh falls of the grasses 
S.caroli and D.caespitosa occurred in late spring and early summer 
of 1971 it concentrated on harvesting these. S.caroli again 
seeded in autumn 1972 and was taken in large amounts. The propor-
tion of forbs increased in late winter due to the seeding of 
species such as Goodenia pusillijlora which were collected. 
Increased harvesting of S.caroli seed crops occurred again in 
autumn 1973. The large proportion of chenopod seeds taken in 
April 1973 was in response to heavy seed fall by the dwarf Kochia 
species. Again animal matter was consistently taken, though wider 
fluctuations occurred than in the saltbush plot. Ch.(whitei) 
took no animal matter at all. In the pattern for this species 
the initial high proportions of grass seed were due mainly to the 
harvesting of freshly fallen D.caespitosa first, and then 
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Stipa variabiZis. By autumn 1972 new crops of the grass C.truncata 
and the dwarf chenopods were being predominantly harvested. These 
two species of Kochia were collected in very large numbers again 
following seed falls in October 1972 and April-May 1973, with a 
small crop of new D.caespitosa seed being concentrated on in 
between these periods. Ch. (rothsteini) also showed the typical 
response of intense harvesting after a fresh seed crop - of the 
grasses D.caespitosa in October 1971, S.caroZi in April-May 1972 
and April 1973 and C.truncata in April 1971, and the forb 
M.cunninghami in December 1971 and April 1973. Furthermore, small 
grass seeds were also removed from underground stores in the 
summer of 1972 as described for the saltbush plot. Animal matter 
again formed a small and constant proportion of the diet of this 
species. 
From these observations several generalizations about the 
foraging strategies of these harvester ants can be made. The 
first is that within their particular preference framework they 
will concentrate on freshly fallen seeds, particularly those which 
are abundant or fall in dense patches (e.g. A.vesica.ria). They 
respond to a new crop by mobilizing foragers and harvesting that 
particular seed intensely. This enables large supplies of seed 
to be gathered and stored in a short period. Granaries from 
excavated nests yielded varying quantities of seed: a nest of 
Ch. (whitei) excavated during a seed crop by A.vesica.ria contained 
over 2000 seeds weighing 1.7 gm, and a PheidoZe sp.l nest 
excavated at the same time held almost 3500 seeds weighing 2.1 gm. 
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In both cases the seed stores were mainly A.vesicaria. However, 
nests excavated after a heavy crop of the grass S.caroZi contained 
much larger seed stores. In two nests of PheidoZe sp.l there were 
about 55,000 seeds weighing 2.9 gm and 120,000 seeds weighing 
6.5 gm respectively. The largest granaries were found in a nest 
of Ch.(whitei) - the ant having the most populous colonies. These 
contained over 700,000 S.caroZi seeds weighing 38 gm. A nest of 
PheidoZe sp.3 contained about 35,000 of these seeds weighing 1.8 
gm, while one of PheidoZe sp.2 which only forms small colonies 
contained about 2,000 S.caroZi seeds which weighed 0.1 gm. It 
should be noted that these values are minimal estimates as it 
was not possible to excavate the deeper levels of the nests. 
However, most of the granaries were found in the upper 15 cm of 
the parts that were excavated. The size of the seed stores of 
S.caroZi in this period suggest that the importance of this 
species was probably underestimated by forage collections from 
workers. 
The behavioural trait of forming trails to specific 
foraging areas would appear to be an ideal adaptation for the 
efficient harvesting of seeds which occur in dense patches, such 
as newly fallen seed. When the seed becomes weathered and in the 
case of the smaller grass seeds is dispersed by wind etc, the 
activity of Ch. (whitei) and PheidoZe sp.l is reduced and many 
nests become inactive. Colonies of Ch. (rothsteini) on the other 
hand continue to forage throughout the favourable period from 
October to May. Foraging is carried out by large numbers of 
workers who travel along trails to a specific area and then fan 
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out and cover a wide region. Such a method of foraging probably 
results in the most efficient harvesting of a scattered seed source. 
This species also shows opportunism by investigating all holes in 
the area, and if underground seed caches are found they are raided. 
When an attempt was made to raid an occupied ant ne st of Pheido le 
sp.l however, the invading ants were attacked and driven off. 
Ch . (whitei) and Pheidole sp.l show a different kind of opportunism 
i n that they remain relatively inactive until abundant s eed supplies 
become available, and these are then harvested intensely. 
Schoener (1969) has suggested that an optimal diet is one 
which yields the greatest energy yield per unit feeding time. In 
this regard, the large Ch.(whitei ) can be considered to optimize 
i ts energy intake by having relatively few foragers which collect 
mainly large seeds. On the other hand, Ch. (rothsteini) has large 
numbers of smaller foragers, and their strategy of collecting many 
small, easily-carried seeds is probably more efficient than 
expending large amounts of energy attempting to harvest larger seeds. 
The strategy of Pheidole sp.l falls between that of these two 
species. One final point is that both Ch .(rothstei ni ) and Pheido le 
sp.2 take a small but regular proportion of animal matter, which 
would supplement their protein intake. Ch.(whitei ) however does 
not do this, which suggests that of the three species it is 
probably best adapted to a granivorous feeding strategy. 
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5.4.3 Seed selection 
If several species of ant show different preferences for 
various seeds there must be some criteria on which such seed 
selection is based. Field observations showed that there was not 
a direct relationship between the proportion of seeds in the diet 
and the relative abundance of seeds (compare Tables 5.4 and 5.5 
with Table 5.6). Laboratory experiments were conducted in which 
three of the harvester species (Ch.whitei), Pheido le spp.l and 2) 
were presented with choices of two seeds in equal abundance. In 
t hese experiments a foraging arena was attached to a plaster nest 
and 20 seeds of each type were placed randomly in this arena. 
Foraging was then observed, and when a seed was taken it was re-
placed to maintain equal proportions of the seed mix. After a 
t otal of 50 seeds had been collected, the proportions of each 
species taken were recorded. This procedure was repeated with 
various combinations of seed species, and using the least preferred 
a s a base measure the relative preference for each seed type could 
be determined. Then by giving the most favoured seed an arbitrary 
r ating of 100, preference spectra could be determined for the 
t hree species. These are shown in Fig. 5.4 and show that the 
different ant species do have different seed preferences. 
Ch. (whitei) showed a strong preference for chenopod seeds, and a 
decreasing preference for the smaller grass seeds. These prefer-
ences strongly reflected field data on forage intake. There were 
differences however between the laboratory results and field data 
for the two Pheidole species. Pheidole sp.l showed the strongest 
preference for D.aaespitosa seed, which formed only a small frac-
tion of its forage intake in the field. The two species which 
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Fig.5.4. Seed preference spectra of three species of harvester ant (the values are 
relative to the most preferred seed, which was given an arbitrary rating of 100). 
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5.5. Seed weight distributions of the diets of the harvester ants. 
The statistics of Pheidole spp. are for minor workers. 
formed the largest proportions,A.vesicaria and S.caroli, were less 
preferred by the laboratory colony. Pheidole sp.2 showed the 
strongest preference for C.truncata, while S.caroli which was taken 
in greatest amount in the field, was less preferred in the laborat-
ory. This species is the smallest harvester and had difficulty 
picking up the large chenopod seeds which might explain their 
low preference rating. However, since these experiments provided 
equal numbers of seeds to choose from, the preferences are real and 
are not due to differences in relative abundance. 
Some possible criteria for such differential seed selec-
tion are the size and phenology of the seed, and its chemical 
attractiveness. In an analysis of Colorado ants, Culver (1972) 
found low overlap in the size of harvester ant workers, and 
suggested this could mean that the ant utilize different size seeds. 
The harvester species at "Emmet Vale" also showed size differentia-
tion, and when their diets were broken down on a seed weight basis 
there was a correlation between worker ant and seed size (see Fig. 
5.5). As ant size increased there was an increase in the propor-
tion of larger seeds taken and a decrease in small seed intake. 
An upper limit to the size of seeds that an ant could handle might 
be expected, but the interesting point is that the large Ch. (whitei) 
workers seem to discriminate against the smaller seeds. However, 
size differences coincide with seed species differences and 
therefore chemical or other stimuli may be determining their 
favourability to the ants. A laboratory experiment was designed 
in which ants were given starch pellets of varying sizes, in 
order to look at the effect of size per se, but unfortunately 
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it was not successful as the ants would not collect these pellets. 
However, Nickle and Neal (1972) carried out an e xperiment on an 
American harvester ant PogonomyY'ITlex bailius (Latreille) which 
suggested seed size may not be as important as chemical stimuli as 
a selective criterion. They found that individual workers con-
sistently took the same species when given a choice of several 
seeds. Some of these were taking wheat and persisted to do so 
even when the wheat was crushed into small fragments. However, 
when other seeds were rubbed into the container used to crush the 
wheat, they were collected by worker ants that had previously 
taken only wheat seeds. This suggests that the ants were respond-
ing to chemical stimuli of the wheat seed rather than size or 
shape. The observation that individual worker ants consistently 
brought back the same seed type suggests that they form a chemical 
search image for these seeds. Consequently, seed preference is 
determined to a large extent by the seeds previously collected. 
This might explain why colonies of Pheidole apparently preferred 
different seeds in the laboratory than did colonies in the field. 
More important though, such behaviour would seem to be adaptive 
to a variable environment, as it results in a concentration on 
specific seeds and this leads to rapid and efficient exploitation 
of ne~ seed crops. 
Field observations at "Emmet Vale" showed such behaviour 
of ants in exploiting new seed sources, and furthe rmore old and 
weathered seeds were ignored when fresh seeds were available, 
which also suggests chemical stimuli are important. Nonetheless, 
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the actual size and shape of the seed did seem to contribute to 
seed selection. Seeds which occurred in large fruit s , such a s 
the chenopods, provided added resistance to being carried. Large 
Ch. (whitei) workers could carry an A.vesi caria fruit considerably 
further in a given time than the smaller Pheidole sp.l worke rs. 
It may not be the actual physical limit s to what a particular ant 
can carry that are important, but rather the relative e ase and 
energy expenditure needed to transport it back to the nest. 
Overall, it seems that seed size is restricting the availability of 
some seeds to the smaller harvester species, but that within the 
cues limiting framework imposed by this, chemical 1Slllli5 are used to 
distinguish and select the seeds being harvested. 
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CHAPTER SIX 
NICHE ANALYSIS OF THE HARVESTER ANTS 
6.1 Introduction 
The concept of the ecological niche has been used with 
increasing frequency by ecologists in recent years. Its origins 
lie in the notion of Grinnell (1924)of a subdivision of the envir-
onment such as the distribution of individuals among habitat types, 
and the more functional concept of Elton (1927) of a species posi-
tion relative to resource utilization. The history of the develop-
ment of niche theory has been summarized by Vandermeer (1972). The 
modern concept of the niche as formulated by Hutchinson (1957) and 
expanded by Levins (1968), MacArthur (1968) and Vandermeer (1972), 
is that each measurable feature of the environment may be given a 
coordinate in an N-dimensional space, and the region in this space 
in which the fitness of an organism was positive might be defined 
as its niche. This formalization of the concept has enabled the 
vague and qualitative ideas of a species niche to be more rigor-
ously and quantitatively described. However, as Whittaker (1972) 
points out, "the niche hyperspace is a means of conceiving the way 
species relate to one another in the community as an interacting 
system. It is a conceptual construction about the evolution and 
organization of a community and clearly should not be hypostatized 
or considered to have existence except as an abstraction of some 
significant relationships in the community". Used as such it 
provides a way of defining and evaluating conditions of coexistence 
and competition between species in a community (Miller 1967). 
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The spatial model of Hutchinson has led to the develop-
ment of several niche metrics. These are basically ways of 
quantifying the responses of species to the various dimensions of 
the environment. Two such metrics are niche breadth and niche over-
lap. Niche breadth is essentially a measure of the degree of 
specialization shown by the species for the various dimensions of 
the niche hyperspace, while overlap is simply a measure of the 
degree to which two species share these dimensions. These two 
parameters have been used to interpret community relationships of 
diverse groups of animals, e.g. land birds (Orians and Horn 1969, 
Morse 1971), shore birds (Baker and Baker 1973), desert lizards 
(Pianka 1969, 1973), cave fauna (Culver 1970), hymenopterous 
parasites (Price 1971), drosopholid fruit-fly (Sabath and Jones 
1973), grasshoppers (Ueckert and Hansen 1971) and ants (Culver 
1972). Such studies have shown that individual species occupied 
different positions along several dimensions of the niche 
hyperspace - macrohabitat, microhabitat, resource use, and 
temporal activity. Whittaker (1972) has suggested that niche and 
habitat range are really two distinct properties, and recommended 
that the term niche be restricted to apply only to a species 
position within a community. Following this restriction, the site 
at "Emmet Vale" provided an opportunity to carry out a niche 
analysis of the harvester ant species, since the localization of 
the study plots had eliminated variations in macrohabitat. In 
fact there were two discrete habitat types (saltbush and grass), 
which enabled further information to be extracted on the effect on 
the species niche of changes in macrohabitat. 
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The rejection of macrohabitat leaves three dimensions of 
the niche hyperspace which may be important in community relation-
ships - microhabitat, resource use and temporal activity. The 
plots used in this study were both very uniform and showed no major 
horizontal pattern. There was some vertical stratification with 
saltbush canopy, grass layer and ground surface allowing some micro-
habitat segregation of species. This does occur for some non-
harvester species, e.g. Iridomyrmex sp.l and Camponotus sp.2 forage 
on both ground surface and saltbush canopy, Rhytidoponera spp. and 
others restrict foraging to the ground and Sphinctomyrmex sp. and 
Cerapachys sp. appear to be entirely subterranean. However, in the 
case of the harvester species virtually all foraging occurs on the 
ground surface, with the rare exception of Ch. (rothsteini) removing 
seeds of the forb M.cunninghamii from the flower-head and occasion-
ally gathering grass seeds in the same way. Hence, it may be 
generalized that all the harvester species share a common micro-
habitat dimension. Both food use and temporal activity have been 
discussed in previous chapters, and interspecific differences were 
pointed out. In this chapter species relationships will be dis-
cussed in terms of the niche breadth and overlap along these 
dimensions, in order to determine what degree of segregation there 
is among species sharing a common food class and to suggest reasons 
for their coexistence. Section 6.2 looks at the partitioning of 
the resource use dimension (hereafter referred to as the food niche 
for simplicity). As well as interspecific differences, changes 
with time and differences in the food niche between habitat types 
are considered. Section 6.3 expands on the partitioning of the 
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temporal activity dimension (hereafter referred to as the time 
niche). Both seasonal and diel aspects are considered. 
Having described the qualitative aspects of interspecific 
relationships and the relative use of resources and time, the issue 
of relative importance of the harvester ants in a quantitative 
sense is raised, and this is considered in Section 6.4. Finally, 
in Section 6.5 the problem of competition and coexistence of the 
harvesters is discussed in the light of the information obtained 
from these analyses. 
6.2 Partitioning of the food niche 
6.2.1 Methods 
The two metrics being used in these analyses are niche 
breadth and niche overlap. There are several methods available 
for measuring these (see Colwell and Fuytuma 1971), and both 
methods used in this study are based on information theory. There 
is no a priori reason for using any kind of measure, because the 
spatial model of the niche is only a conceptual construction, but 
as information theory measures have been used previously (Chapter 
3), they were chosen again for similar reasons, and to maintain 
consistency in the use of derived equations. Niche breadth has 
been measured using the Shannon-Wiener equation (Shannon 1949): 
H~ = -Ep.lnp . 
l l 
where p, = the proportion of individuals in the ith category. 
l 
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This means niche breadth is a measure of the diversity of resource 
classes use by the species. Niche overlap was determine d by Horn ' s 
Index (Horn 1966): 
E(x . +y.)ln(x . +y.) - Ex.lnx. - Ey.lny. 
1 1 1 1 1 1 1 1 R = _______ :::__::c_ __ _:: _ __:=----=---=-
o (X+Y)ln(X+Y) - XlnX - YlnY 
where x.,y. are the proportions of the respective diets of the two 
1 1 
species found in resource class i, and X,Y are the sums of x. and 
1 
y. respectively. This gives a value of between O when the diets 
1 
have no resource classes in common, and 1 when the samples are 
identical with respect to proportional resource class composition. 
It should be noted that as both indices are fairly arbitrary their 
use is confined to comparing different sets of data. In calculat-
ing the indices non-edible forage was omitted, as the main interest 
was the partitioning of food resources. The indices were also 
based on the numbers of different food items rather than the 
weights, since the selection of one seed rather than another 
represented a different choice of food. 
6.2.2 Interspecific differences in the food niche 
To investigate interspecific differences in the food niche, 
the mean niche breadth and overlap were calculated for the 
harvester ants in the saltbush and grass plot. These were based 
on the total number of food items collected over the two-year 
census period , and are shown in Tables 6.1 and 6.2. Table 6.1 
shows that Ch. (rothsteini) had the broadest niche in the saltbush 
plot, while the largest and smallest harvesters (Ch. (whitei) and 
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Pheidole sp.2 respectively) had the narrowest. However, in the 
grass plot the niche breadth of Ch. (whitei) increased. This was 
because several seed species were taken in the absence of the 
favoured A.vesicaria. Pheidole sp.l also showed an increase in 
niche breadth, probably for the same reasons. However, the niche 
breadths of Ch. (rothsteini) and Pheidole sp.2 both contracted in 
the grass plot because the ants concentrated more on the favoured 
small grass seeds which occurred in greater abundance. The overall 
point is that the degree of utilization of the potential food niche 
changes in response to differences in the available food resources 
of various habitats. Furthermore, there was a negative correla-
tion between species abundance (based on colony counts) and niche 
breadth (Spearman rank correlation coefficient r = -.60). 
s 
McNaughton and Wolf (1970) have argued that broad niched species 
will be more abundant, probably because such species have an 
evolutionary advantage in being able to adapt to more situations. 
The harvester species at "Emmet Vale" show fairly broad food 
niches, but the fact the niche breadth was less in the habitat in 
which the species was most abundant, suggests that broad niched 
species will be more successful if they are able to specialize on 
that part of the resource spectrum which they exploit most 
efficiently. 
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TABLE 6.1 
Species 
Food niche breadths for the five species of 
harvester ants in the saltbush and grass 
plots. Values are H~ {see text) 
Niche breadth 
Saltbush Grass 
Chelaner(whitei) 1.07 2.03 
Chelaner(rothsteini) 1.97 1.64 
Pheidole sp.l 1. 39 2.00 
Pheidole sp.2 1.08 o. 77 
Pheidole sp.3 1. 32 no data 
TABLE 6.2 Food niche overlap matrices for the five 
Species 
Chelaner(whitei) 
Chelaner(rothsteini) 
Pheidole sp.l 
Pheidole sp.2 
Pheidole sp.3 
Species 
Chelaner(whitei) 
Chelaner(rothsteini) 
Pheidole sp.l 
Pheidole sp.2 
Pheidole sp.3 
species of harvester ant. 
{see text). 
a) Saltbush plot 
Ch(w) Ch(r) Ph.l 
X .48 .82 
X .74 
X 
b) Grass plot 
Ch(w) Ch(r) Ph.l 
X .51 .60 
X .75 
X 
Values are R 
0 
Ph.2 Ph.3 
.16 .35 
. 75 .83 
.61 . 75 
X .92 
X 
Ph.2 Ph.3 
.23 
.80 no 
.81 data 
X 
X 
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The overlap matrices (calculated by R) shown i n Table 
0 
6.2 give estimates of species similarity with regard to food use. 
In both the saltbush and grass plots Ch. (whitei) shows the great-
est overlap in diet with Pheidole sp.l, and fairly low overlap 
with the other three species. High overlap also occurs between 
the pairs Ch. (rothsteini)-Pheidole sp.3 and Pheidole spp. 2 and 3. 
These values show that while no one species has exclusive use of 
part of the food resource spectrum, segregation occurs between 
species on the basis of which part of the resource spectrum they 
utilize (see Fig. 6.1). The species at either extreme such as 
Ch. (whitei) and Pheidole sp.2 have a very narrow overlap, while 
the centrally occurring species tend to have higher overlaps 
with other species, as the data suggests. 
Pheidole 
sp.2 
I 
Phei do le 
sp. 3 
Chelaner 
(rothsteini ) 
Resource Spectrum 
Pheidole 
sp. 1 
Chelaner 
(whitei) 
' 
-----.,..,,,,,,,. 
.,. .,. 
------
Fig.6 .1. Diagrammatic representation of resource partitioning 
by the harvester ants. These curves are based on the 
sizes of seeds used (smallest on the left), but other bases 
would give similar separation. 
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6.2.3 Seasonal changes in the food niche 
Estimates of food niche breadth and overlap were obtained 
for each monthly or bimonthly forage collection, in order to exam-
ine seasonal trends. Figs. 6.2 and 6.3 show the seasonal changes 
in niche breadth and niche overlap of the three main harvester 
species, in the saltbush and grass plots respectively, and Fig. 6.4 
shows the overlap occurring between the two plots for each species. 
They show that quite marked fluctuations occur in both niche breadth 
and overlap. Many previous studies have not measured changes in 
these parameters, but consider only mean values taken over a period, 
e.g. Pianka (1969), Ueckert and Hansen (1971). Valuable information 
can be obtained this way, but some is undoubtedly lost as the 
dynamic state of the niche is not presented. Such fluctuations in 
niche metrics have been described for several species of birds 
(Power 1971, Baker and Baker 1973). 
In the saltbush plot (Fig. 6.2), the food niche breadth 
of Ch.(whitei) oscillates in a fairly regular fashion. It is very 
narrow when A.vesicaria seed crops have recently fallen, and 
becomes wider in the intervening periods when there have been no 
recent seed falls and seed is less available on the ground. 
Pheidole sp.l shows a similar oscillation, though slightly more 
complex, with the niche breadth being greater in periods between 
seed crops and contracting when crops of A.vesicaria or S.caroli 
were produced. Overlap between these two also changes, being 
highest when both species were taking A.vesicaria, and decreasing 
in the intervening periods. Only when Pheidole sp.l switched to 
S.caroli seeds and Ch.(whitei) still took A.vesicaria did overlap 
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Fig. 6.2a. Seasonal changes in food niche breadth (H') 
of three harvester ants in the saltbush plot. 
Pheidole sp. l ........... • • 
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Fig. 6.2b. Seasonal changes in food niche overlap (R0 ) 
between pairs of harvester ants in the saltbush plot. 
Pheidole sp. l - Ch . (whitei) .. .... . • • 
Pheidole sp. l - Ch. (rothsteini) . . .. 6 ...... 6 
Ch. (whitei) - Ch. (rothsteini) .. . . o----o 
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Fig. 6.3a. Seasonal changes in food niche breadth (HI ) 
of three harvester ants in the grass plot. 
Pheido le s p. 1 ............. ••---• 
Chelaner (whitei) ........ o----o 
Chelaner (rothsteini) ........... _. 
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Fig. 6.3b. Seasonal changes in food niche overlap (R0 ) 
between pairs of harvester ants in the grass plot. 
Pheidole sp. l - Ch. (whitei) ........ • • 
Pheidole sp. l - Ch. (rothsteini) ... 6•••••'6 
Ch. (whitei) - Ch. (rothsteini) ... o----o 
between this pair become negligible. One point emerging here is 
that the time of highest overlap between species occurred when 
niche breadths were smallest, due to the ants converging on a 
common food source when it was abundant. Ch. (ro thsteini ) showed 
a similar trend in niche breadth, though the phasing was different, 
and there were only two periods when it became very narrow, both 
when the ant was concentrating mainly on freshly fallen S.caroli 
crops. At one of these times overlap with Pheidole sp.l was high, 
but at the other it remained low because Pheido le sp.l was still 
harvesting large numbers of a recent A.vesicaria crop. Overlap 
with Ch.(whitei) was highest during periods between seed crops. 
This was due to differences in their seed preference, which meant 
they concentrated on different seed species after a fresh seed 
fall resulting in low overlap. 
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Fig. 6,4. Seasonal changes in food niche overlap (R0 ) 
of harvester ants between the saltbush and grass plots. 
Pheidole sp.l ........... ~---a 
Chelaner (whitei) ....... ••--....... • 
Chelaner (rothsteini) ... &•••••6 
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The fluctuations that occur in the grass plot (Fig. 6.3) 
can be similarly explained. The niche breadth of Ch . (whitei) wa s 
least when fresh crops of Kochia spp. were produced, and widened 
in the intervening time. However, the broadness of the niche in 
the sununer of 1971-2 was not due to generalization because of a 
decreased abundance of seed, but rather because the ant wa s con-
currently harvesting several species of grass seed which had 
recently fallen. Fluctuations in the niche breadth of Pheidole 
sp .l were also not as clear, but narrow breadths occurred at times 
when fresh S. caroZi was available, and the niche became broader 
during periods of no seed production. Overlap between Pheidole 
sp.l and Ch . (whi tei) was highest when both converged on a c rop of 
Kochia spp. seeds, when there was also a contraction of food niche 
for the two. It remained fairly low at other times due to differ-
ences in seed preferences between the two species. Ch . (rothsteini) 
showed similar fluctuations in niche breadth for the grass plot as 
for the saltbush plot, with contraction occurring when S. caroli and 
C. t runcata seed crops fell, and the niche becoming broader in 
between these periods. Overlap with PheidoZe sp.2 remained moder-
ately high throughout, showing a convegence of their diets in the 
grass plot as opposed to the saltbush plot. Overlap with Ch. 
(whitei) was quite low, reflecting seed preference differences. 
Increases in overlap however did occur when both s p ecies collecte d 
freshly fallen D. caespitosa seed. 
There is consistently high overlap betwee n plots in the 
case of Ch. (rothsteini), showing the similarity of diet of thi s 
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species. The two lowest points occurred when increased proportions 
of A.vesicaria were collected in the saltbush plot. Low between 
plot overlap occurred for Pheido le sp.l when A.vesicaria was being 
harvested in the saltbush plot, and the highest overlap occurred 
when S.caroli was being harvested in both plots. Ch. (whitei) did 
not collect the small grass seeds to any extent and as a result 
overlap between plots was consistently low for this species. This 
however shows the plasticity of s eed preference in t his speci e s . 
When a favoured seed item is absent, it will swit ch to other seeds 
and so be able to maintain its energy intake . 
From these measurements several generalizations can be 
made about the way in which harvester ants change their feeding 
strategies in responses to changes in their food resources. At 
times of reduced seed availability - fewer seeds are present, and 
these may be scattered by wind or be buried by rain and unobtain-
able, or be unfavourable due to weathering - food niche expansion 
occurs and the harvesters show more generalized foraging behaviour. 
However, when large amounts and high concentrations of fresh seed 
are produced, different species may converge on a single food 
source such as A.vesicaria or S. caroli seeds, resulting in narrow 
niches and high overlaps between the species pairs. This is some-
what different to the observations on shore birds by Baker and 
Baker (1973). They found that niche contraction occurred at times 
of food limitation rather than abundance, and suggested this 
occurred because the species withdraws to that part of the niche 
which it can exploit more efficiently than others. Overlap also 
decreased as a result of this niche contraction. Whe n food 
131 
became abundant, overlap between the shore birds increased because 
of a broadening of the niche, whereas in the case of the harvester 
ants, it increased even though the niche contracted, because of 
convergence by species on an abundant food source. By specializing 
when the opportunity occurs and becoming a more generalist feeder 
at other times, the ants would tend to optimize its diet in terms 
of time expenditure and energy intake, especially in a variable 
environment. This behaviour in fact agrees with the predictions 
of some of the theoretical models of feeding strategies (Emlen 
1966, MacArthur and Pianka 1966, Schoener 1969). 
6.3 Partitioning of the time niche 
6.3.1 Methods 
Niche breadth was determined for both seasonal and diel 
activity of the harvester ants. Seasonal niche breadth was calcul-
ated as the proportion of the year during which surface activity 
occurred, and diel niche breadth was calculated as the proportion 
of daylight hours during which the ants were active. The latter 
was done because the ants are essentially diurnal species. Niche 
overlap was again calculated using Horn's Index; seasonal overlap 
being estimated from the proportions of colonies of each species 
active at different periods, and diel overlap using the relative 
activity rates of the species recorded at different times of the 
day. 
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6.3.2 Interspecific differences in the time niche 
Tables 6.3 and 6.4 show that there were some interspecific 
differences in both seasonal and diel aspects of the time niche. 
Generally the species with the lowest preferred temperature ranges 
Pheidole spp. 1 and 3 showed the broadest seasonal time niche. 
This was because they remained active longer into the cooler winter 
months, when species with a higher preferred temperature such as 
Ch. (rothsteini) ceased surface activity. Consequently, seasonal 
overlap of activity was lowest between Ch.(rothsteini) and the ants 
which foraged at lower temperature ranges, such as Pheidole spp. 1 
and 3 and Ch.(whitei). Overlap between the other pairs remained 
quite high. 
Diel niche breadths vary considerably between seasons. In 
the cooler spring the low-temperature species show the broadest 
time niche, but when conditions become hotter and drier in sununer 
the situation is reversed and contraction of niches occurs, result-
ing in the high-temperature species being active relatively longer. 
This occurs because the climatic variables in sununer frequently 
exceed the preferred conditions of the ants, which reduces the 
time favourable to surface activity. The temporal overlap matrices 
in Table 6.5 also reflect this. In all species overlap is less, 
and consequently temporal segregation of the species is greater 
when climatic conditions become more extreme in the summer months. 
This is a result of the contraction of the time niches of the in-
dividual species. High overlap occurs between species pairs of the 
low-temperature group (Ch.(whitei), Pheidole spp. 1 and 3) and 
between the pair of high-temperature species Ch.~othsteini) -
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TABLE 6.3 Time niche breadths of the harvester ant, 
based on seasonal and die! activity. Values 
are the proportions of available time when 
surface activity occurred (see text) 
Niche breadth* 
Species Seasonal Diel(spring) Diel{sunnner) 
CheZaner(whitei) .75 .90 .40 
CheZaner(rothsteini) .60 • 70 .65 
PheidoZe sp.l .90 1.15 .40 
PheidoZe sp.2 .80 • 70 .45 
PheidoZe sp.3 • 85 • 75 .20 
* Rounded to nearest .05 
TABLE 6.4 Temporal overlap matrices (seasonal 
activity) of the harvester ants 
a) Saltbush plot 
Species Ch(w) Ch(r) Ph.I Ph.2 Ph.3 
CheZaner(whitei) X .74 .93 .94 .97 
CheZaner(rothsteini) X .74 • 89 • 71 
PheidoZe sp.l X .92 .98 
PheidoZe sp.2 X .94 
PheidoZe sp.3 X 
b) Grass plot 
Species Ch(w) Ch(r) Ph.I Ph.2 Ph.3 
CheZaner(whitei) X • 77 .90 .90 .93 
CheZaner(rothsteini) X • 75 .89 .74 
PheidoZe X .94 .99 
PheidoZe X .93 
PheidoZe X 
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TABLE 6.5 
Species 
Chelaner(whitei) 
Chelaner(rothsteini) 
Pheidole sp.l 
Pheidole sp.2 
Pheidole sp.3 
Species 
Chelaner(whitei) 
Chelaner(rothsteini) 
Pheidole sp.l 
Pheidole sp. 2 
Pheidole sp. 3 
Temporal overlap matrices (diel activity) 
of the harvester ants 
a) Late spring (November 1973) 
Ch(w) Ch(r) Ph.l Ph.2 Ph.3 
X .50 .84 .52 . 83 
X .38 .93 .40 
X .36 .88 
X .42 
X 
b) Late summer (February 1973) 
Ch(w) Ch(r) Ph.l Ph.2 Ph.3 
X .45 • 71 . 52 .59 
X .25 .82 .09 
X . 27 .76 
X .14 
X 
Pheidole sp.2, and as would be expected from this, there is low 
overlap in time of activity between members of the different 
groups. Activity patterns of the individual species have been 
discussed in Chapter 4, but this result provides further evidence 
that there are two major ways in which this assemblage of harvester 
ants has adapted to a semi-arid environment; one of tolerance to 
extreme climatic conditions, and one of avoidance. It has also 
been shown quantitatively that segregation of the ant species 
occurs through partitioning of time as well as resources. 
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6.4 The relative importance of the harvester ants 
The ideal method for determining the relative importance 
of a group of species within a community is to measure overall 
energy flow through each species over at least a one-year pe riod. 
Rogers et aZ. (1972) and Golley and Gentry (1964) have done this 
for single harvester species, but no comparative studies of groups 
of species have been reported. An approximation of importance 
would be a measure of total biomass of each species, but both 
these methods require accurate estimates of colony populations, 
and as Brian (1970) has pointed out the techniques for determining 
these are somewhat unsatisfactory. Colony density itself was not 
an accurate enough measure because of differences in nest popula-
tion. One way to avoid this problem would be to estimate the 
amount of seed harvested by each species over a known period. 
However, while foraging rates at a particular time are easy to 
determine when direct observations can be made, if there are long 
periods when observations are impossible it would be necessary to 
continually monitor climatic conditions over these periods, in 
order to predict the length of time suitable for foraging and 
the activity rates. The available meteorological data consisted 
of mean daily measurements, which were insufficient to accurately 
predict foraging intervals. Even if a continuous record were 
available the estimates would not be very satisfactory, as it was 
demonstrated in Chapter 4 that climatic variables do not explain 
all the variance in activity rates, and also that foraging 
efficiencies change with food availability. This would introduce 
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further error. While not being a very accurate method, all species 
were treated similarly, so that it would give an idea of relative 
seed intake for the species. 
Rough estimates of the amount of seed taken by each 
species were made for autumn 1973, and these are shown in Table 6.6 
to give an idea of the orders of magnitude involved. The data 
shows that in terms of the amount of food energy being channelled 
through the harvester ants, some species are more important than 
others. Thus, based on their contribution to overall energy flow 
the ants could be ordered in relative importance: Pheidole sp.l > 
Ch. (rothsteini) > Ch. (whitei) > Pheidole sp.3 > Pheidole sp.2. 
Furthermore, some idea of their combined impact can be obtained, 
as the table suggests they took roughly 20% of the total seed 
production. However, as mentioned previously, these figures are 
only approximations, due to the discontinuities in basic data 
required for accurate estimates. 
TABLE 6.6 Estimated amount of seed taken by 
harvester ants during autumn of 1973 
Species 
Pheidole sp.l 
Chelaner(rothsteini) 
C'helaner(whitei) 
Pheidole sp. 3 
Pheidole sp.2 
Total taken 
Total produced 
Percentage of seed pro-
duction harvested by ants 
Seed taken (gms) 
110 
60 
35 
10 
1 
216 
1200 
18% 
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As comparisons of the ant species at other times were 
desired, a simple, though arbitrary index of importance was derived. 
It was based on the foraging intensities of the species and was of 
the form: 
Importance (I) 
n 
= (L N. A. )W 
1 1 1 
where N = the mean number of nests active during the time interval 
i. A= the mean number of ants foraging/day/colony as calculated 
from the diel activity experiments described in Chapter 4. The 
product N•A is an estimate of the numbers of foragers/day during 
the periods when field observations were made. The overall intens-
ity of foraging is obtained by summing the seasonal N·A's. W = 
mean dry weight/ant for each species and corrects for biomass 
differences. The index therefore is essentially a measure of the 
mean daily biomass of foraging ants. As it considers only that 
part of the ant population that is actively gathering seed, it is 
an indicator of the relative rates at which seed is accumulated, 
and therefore of the relative energy intake by the species. How-
ever, as it is an arbitrary index, it's use is restricted to 
comparative studies. Values of the index over the four seasons 
are shown for each harvester species in Table 6.7, and are presented 
diagrammatically in Fig. 6.5. The ordering of species importance 
agreed with that obtained from estimates of food intake for autumn. 
However, the data shows that quite marked seasonal changes occur. 
Considering their overall impact first, it can be seen from Table 
6.7 that the harvester ants have relatively little affect in 
winter. Their influence is greatest in spring after the re-
commencement of activity for many colonies, suggesting harvesting 
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TABLE 6.7 Importance values of harvester species: I = { EN . A . ) W. 
J. J. 
{See text for details) 
Pheidole sp.l Ch. (~othsteini) Ch. (whitei) Pheidole sp.3 Pheidole sp.2 
W(gm) 0.0019 0.0017 0.00158 0.00014 0.00008 
N· J. 9.0 · 0 1.25 1.67 0.67 
A, 
J. 1190 0 820 1050 1510 
Winter I 2.0 0 1. 6 o. 3 0.1 
N,* 
J. 10.7+4 0.7+o.5 3+1.3 7.6+3.7 2.67+2 
A,* 
J. 47lo+l930 322lo+37750 169o+780 1050+320 151o+l650 
Spring I 11.1 7.3 9.4 1.1 0.6 
N· J. 17.7 2.0 3.0 6.0 3.67 A, 
J. 1930 37750 780 320 1650 
Summer I 6.5 12.8 3.7 o. 3 o. 5 
N· J. 10.3+12.7 1.3 1. 3+1. 7 8.0 3.3 
Ai 47lo+ll90 32210 164o+780 1050 1510 
Autumn I 11.1 7.3 5.5 1.2 0 . 4 
Total I 30.7 27.4 20.2 2 .9 1.6 
Relative 
importance 19.2 17.1 12.6 1.8 1 
rating 
* Where two values are given for N. and A., these represent the mean number of nests {N) active 
J. J. 
at the activity rate (A) immediately below it. I= sum of these two. 
...... 
w 
I.O 
12 
lO 
Importance 8 
index (I) 
6 
4 
2 
Winter Spring Summer Autumn 
Fig. 6.5. Seasonal changes in the importance ratings of 
the harvester ants (see text for details). 
Pheidole sp.2 . .......... ~ 
Pheidole sp.3 ........... LJ 
Pheidole sp . 1 ...... .. ... 
Che Zaner (whitei ) ....... 
-Che Zaner (rothsteini ) G] 
might be stimulated by the reduction of seed stores that occurred 
over winter. Their influence in summer and autumn was not quite 
as high as the spring peak. Furthermore, individuals species 
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showed different seasonal trends in importance value. Ch. (Pothsteini) 
was relatively more important than the others in summer, which 
agrees with the observations that it prefers higher temperatures. 
Correspondingly, the low-temperature species Pheido le sp.l was 
the most important in the cooler months. Thus, j ust as the 
qualitative aspects of niche dimensions change with time, so there 
are also seasonal changes in the quantitative influence that the 
harvester ants have on the ant-plant community as a whole. 
6.5 Competition and coexistence of the harvester ants 
An important question arising from studies of coexisting 
species is whether there are any competitive inte ractions between 
them and to what degree these affect species coexistence. Inter-
specific competition has been defined by Miller (1969) as "the 
active demand by members of two or more species for a corranon 
resource that is actually or potentially limiting". It can take 
two different forms; interference and exploitation. Interference 
involves activities that may limit a competitor's access to a 
necessary resource, and includes such processes as territoriality 
and interspecific hostility. It has been mentioned previously 
though, that with one exception the harvester ants a t "Emme t Vale" 
do not interfere with e ach other in this way, and often forage 
concurrently in the same general area. The exception is the 
Pheidole spp. land 3 interaction, in which interspe cific 
antagonism has apparently resulted in increased spatial separation 
of the species. The other form of competition is exploitation, 
and refers to the relative abilities to utilize a resource once 
access to it has been achieved. This section will deal mainly 
with the relative exploitation of the food resources. 
Competition theory suggests that if two species continue 
to use the same resources, one will eventually displace the other 
because of its greater efficiency in exploiting those resources 
(Gause and Witt 1935). An inference from this is that natural 
selection will lead to an ecological separation of these compet-
ing species to avoid such severe competition (Ayala 1972). Such 
reduction in competition may occur through either niche different-
iation or habitat differentiation, or both (Whittaker and Woodwell 
1972). The hypothesis is that in order to coexist unde r conditions 
of stable competition some degree of niche segregation between 
species must be maintained. Such segregation may either be a 
result of selection in the presence of strong competition, or 
through geographic overlap of species with already differing 
resource requirements (Williamson 1972). Using the above argu-
ment, there has been widespread use of niche overlap measurement s 
as estimates of interspecific competition (Colwell and Fuytuma 
1971). However, the presence of overlap is difficult to inter-
pret in terms of community relationships, because as Colwell and · 
Fuytuma (1971) have pointed out, it can serve a s evidence for 
competition if displacement is incomplete or stabilized, or evid-
ence for the lack of competition if the resource is in oversupply 
or non-essential to one of the species. 
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In the case of the harvester ants, if overlap were area-
sonable measure of competition, then on the basis of competition 
theory, one might expect that the ants with high overlap in re-
source use, would show greater separation on a different dimension, 
such as time of activity, and so reduce this competition. This 
however is not the case, as there is no significant correlation 
between resource overlap and temporal overlap for the harvester 
ant pairs (Spearman rank correlation coefficient r = -0.24, 
s 
P = not significant). Pairs with high food use overlap such as 
Ch.(whitei) - Phei do le sp.l, and Ch. (roths teini) - Pheidole sp.2 
also have high temporal overlap, though some pairs with high food 
overlap such as Pheidole sp.l - Ch. (rothsteini) do have low over-
lap of times of activity. This suggests either that separation 
of foraging times is not an effective mechanism in reducing com-
petition between species, or else that very little competition 
exists. The situation at "Erranet Vale" seems more akin to the 
latter, as there is probably an oversupply of food resources. 
Both indirect evidence from the extensive ge rmination of seeds 
of the dominant plants and many others after seasonal rains, and 
direct evidence from estimates of seed production and the numbers 
of seeds taken by ants suggest that only a small proportion (15-
25%) of available seed production was used by the harvester 
species. However, as Whitford (1973) observed, the ants are 
limited to selection of seeds or fruits on the soil surface or 
on plants, and therefore wind or water can rapidly reduce the 
available seed supply. It was noticed that heavy rains caused 
the partial burial of seeds of A. vesicar ia and others at "Emmet 
Vale ", though the proportion of se eds removed in this way is 
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unknown. Furthermore, the ants ignored weathered seeds to take 
freshly fallen seeds. If climatic weathering of seeds reduces 
their favourability, the abundance of suitable seed would be 
further reduced. It seems likely then that some of the total 
seed production is rendered unavailable to the ants, which would 
mean the ants are taking a relatively larger proportion of food, 
in terms of available supply. Even so, the manner of food 
supply renewal, through periodic injections of very large numbers 
of seeds, itself reduces the chances of one species displacing 
another through superior exploitation. When these pulses of 
seed production occur the overall abundance is sufficiently great 
that several species can converge on the same kind of seed, and 
harvest enough to meet their own energy requirements without 
seriously affecting the resource levels available to each other. 
The seasonal food overlap measurements have shown that such 
convergence by species onto common resources occurs at "Emmet 
Vale". Moreover, they can accumulate large stores of seeds at 
these times, which means that during periods of no production 
the ants can use their own seed stores and so effectively do 
not compete with each other. Thus, the problem appears to be, 
not how can these species of closely related ants coexist, but 
~ 
why are not more harvester species present. More will be said 
of this in the concluding discussion. 
143 
CHAPTER SEVEN 
MECHANISMS BY WHICH ANTS MAY AFFECT PLANT STRUCTURE 
7.1 Introduction 
In a study of community relationships it is not only 
important to determine how and in what form food energy is dis-
tributed amongst the consumer species, and how they interact with 
each other, but it is also necessary to establish what type of 
feedback mechanisms exist by which the consumers may affect the 
primary food source, the plant community. Such mechanisms may 
either be simple cause-effect relationships such as denudation of 
vegetation, or if long periods are involved some form of coevolved 
mutual responses might develop, as Janzen (1966, 1969) has argued 
in the case of certain ant-acacia interactions, and the predation 
of tropical woody legume seeds by bruchid beetles. There are 
several possible ways in which the ants may affect plant structure; 
either directly, through some intermediary organism or as these 
ants are basically soil animals through their possible modifica-
tion of the soil. 
The harvester ants are closely associated to the vegeta-
tion through their herbivorous behaviour, and because they form 
the largest trophic group, they are the most likely to directly 
influence the vegetation. This could be done _ in several ways, 
the most drastic of which would be to reduce the absolute abund-
ance or even denuding the vegetation. Watson and Gay (1970) have 
reported that harvester termites denuded up to 20% of the land in 
an area of semi-arid Australia, and American harvester ants of the 
genus PogonomyY'l71ex may r e duce plant cove·r by up to 8% through 
cle~r ingareas about its nest (Sharp and Barr 1960). However, it 
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has been pointed out by Wight and Nichols (1966) that the greater 
plant production which occurs on the perimeter of these denuded 
areas may compensate for the c l e aring by the ants. These effects 
have been by actually removing the vegetation (a habit not share d 
by the ant species at "Emmet Vale"), and the influence of actual 
seed-harvesting on overall abundance seems much less pronounced. 
In a study of a natural desert habitat, Tevis (1958) e stimated 
that one species of ant Veromessor pergandei took 15 million seeds/ 
acre/year out of an annual production of around 1,500 million seeds. 
Three harvesters were present at this site but Tevis concluded they 
did "not seriously affect the total supply". In agricultural 
situations however, ant removal of broadcast seeds seems to lower 
yields of newly sown pastures (Campbell 1966, Russell et al . 1967). 
This is a different situation to a natural or already established 
vegetation, in which ant removal of seed does not appear to affect 
replacement of the existing plants (Tevis 1958). 
Harper (1969) discusses ways in which herbivores can 
modify plant species diversity, and from his arguments it seems 
possible that the harvester ants may influence the vegetation in a 
more subtle manner by altering the relative abundance of plant 
species through the selective harvesting of seed. Tevis (1958) 
found that after rains V. pergandei preferentially took seeds of 
rarer species, and suggested this may keep the relative abundance 
of these species low. McGowan (1969) thought that the preferential 
harvesting of Wimmera rye grass seed by ants contributed to its 
failure to persist in sown pastures in northern Victoria. It is 
also possible that ants may affect plant distribution, either by 
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transporting seed to new sites as was described for granivorous 
rodents in North America by La Tourette et al. (1971) and Soholt 
(1973), or by selectively foraging certain areas. Ridley (1930) 
claims that ants are the most important insects which act as seed-
dispersal agents, although the overall effect of insects is only 
slight. These possible direct effects of the consumers on plant 
structure are considered in Section 7.2. 
An indirect manner in which certain non-harvester ants 
may affect the vegetation is through their tending of sap-sucking 
insects. The collection of honey-dew from these insects is wide-
spread amongst ants, and their tending of them can result in 
increased populations, probably due to interference of potential 
predators by the ants (Sudd 1967). Such population increases of 
sap-suckers may have a deleterious effect on the vegetation. To 
see if this were the case at "Enunet Vale", the effect of 
Iridomyrrnex sp.l tending coccids on Atriplex vesicaria was examined, 
and is discussed in Section 7.3. 
The other way in which both harvester and non-harvester 
ants may indirectly affect the plant conununity is through their 
modification of the soil. This may occur simply through mechanical 
turnover of the soil by burrowing. Baxter and Hole (1967) suggest 
that the ant Formica cinerea could be partly responsible for form-
ing some prairie soils by bringing lower horizon soil material to 
the surface. As a result of burrowing there may be an increase 
in soil aeration and infiltration (Green and Askew 1965). The 
ants may also modify the physical, chemical and microbiological 
146 
properties of the soil (Czerwinski et al. 1969, 1972, Petal et al. 
1970). Concentration of nutrients in the nest area has been found 
in soil animals such as termites (Lee and Wood 1971a, 1971b) and 
ants (Malozemova 1969, Breckle 1971, Gentry and Stiritz 1972), 
which can lead to corresponding changes in the composition and 
growth rates of plants. In view of this, the possible role of 
the ants at "Erranet Vale" as soil modifiers is discussed in Section 
7.4. 
7.2 Effect of the harvester ants on the vegetation 
7.2.l The absolute abundance of plant species 
Field observations on the extensive germination that 
occurred after seasonal rains, and the high plant densities that 
followed in both the saltbush and grass plot (ground flora estimates 
of 90 and 154 plants/m2 respectively) suggested that the harvest-
ing activities of ants had little effect on the absolute abundance 
of plant species. Furthermore, it was calculated from foraging 
rates of the ants and an estimation of the available time that 
only about 20% of the crop of over 16 million seeds produced in 
saltbush plot between March and May of 1973 was taken by ants. 
The field observations therefore agree with those of Tevis (1958) 
and Whitford (1973) that the harvester ants do not significantly 
reduce the vegetation crop. 
An experiment was set up in February 1973 to look more 
closely at seed production by the dominant shrub A.vesicaria and 
the subsequent removal of seed by the harvester ants, chiefly 
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Pheidole sp.l and Chelaner(whitei). Twelve pairs of A.vesicaria 
bushes were marked and mesh collecting trays place underneath. 
Ants were then excluded from one of each pair by placing a 10 cm 
high black plastic enclosure about the bush. As the harvester 
species being studied tended not to climb objects, and because of 
the smooth surface of the plastic this proved an effective barrier. 
No other seed predators were observed to take A.vesicaria seeds. 
Heavy rains late February and March induced seed production during 
April to May and counts of seed build up in the collecting trays 
were made in both these months. It was intended to continue with 
monthly measurements, but unfortunately very heavy rains prevented 
this until September. As these rains flooded some of the bush 
sites and damaged exclosures the results after May were too un-
reliable to be included. However, there would have been little 
ant activity over the larger part of this cooler period, so that 
the effects of ants may have been small. The data that was 
obtained is shown in Table 7.1. At one control bush the exclosure 
had been damaged allowing ants to enter, and in another a colony 
of Pheidole sp.l had opened up a new entrance inside the exclosure 
and removed seed. These two showed a decrease in seed levels 
whereas in the remaining control bushes seed levels in the trays 
increased, which suggests the remaining exclosures were effective. 
Both pairs were omitted from the analysis for the above reasons. 
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Month 
April 
May 
* 
TABLE 7 .1 
Percentage 
Production of A.vesica.ria seed and its 
removal by harvester ants 
seed* Percentage change Difference Signific-
left in trays from previous (%) ance 
month 
Control Test Control Test 
100 100 0 0 
145.1 120.8 45.1 20.8 -24.3 p < .05 
(113-214) (69-191) 
Bracketed values are ranges for individual bushes 
In Table 7.1 changes in the amount of seed remaining in 
the trays is given as a percentage of the initial seed count. Per-
centages were used so that the different bushes could be compared 
as there were considerable differences in the absolute number s of 
seed collected under each bush (range of 70 to 370 in the initial 
counts). Although there was an increase in the mean number of 
seeds in both test and control bushes between April and May, there 
was a significant difference in the disappearance of seed between 
them (Mann-Whitney U-test, in Siegel (1956)). The increase in the 
seed collected under test bushes which were unprotected from 
harvest~rs occurred because seed production was on average greater 
than seed removal. However there was wide variation between the 
test bushes, which suggests differential removal of seed from 
them. In five cases actual decreases occurred, suggesting fairly 
heavy seed predation, while in three instances there were near l y 
twofold increases which suggested that the harvester ants had not 
removed seed from under these bushes. The important result from 
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this experiment though was that harvester ants were taking around 
24% of the seed produced by A. vesicaria . As A.vesicaria is a 
relatively long-lived perennial, with an estimated life span of 
16 to 24 years {Hall et al. 1964), and extensive germination 
occurred after heavy rains suggesting large reserves of viable 
seed are in the soil, it would seem that the harvester ants have 
little impact on A.vesicaria population dynamics. 
7.2.2 The relative abundance of plant species 
It seems possible that the ants may affect the relative 
abundance of plant species through selective seed harvesting. It 
was shown in Chapter 5 that the various harvester species did have 
different seed preferences, which were reflected to some extent 
by their diets in the field. The proportion of A.vesicaria seed 
in the diet of Ch. (whitei) and Pheidole sp.l was greater than the 
proportion in the total seed production. However, when all the 
chenopods and all the harvester ants are conside red, seed was taken 
in roughly equivalent proportions to which it was produced , which 
means no species of shrub is given a competitive advantage through 
the selective harvesting of seed species. Furthermore, when they 
produced seed, the dominant grass species were being preferentially 
harvested by other ant species, such as Ch . (rothsteini) and Pheidole 
spp., which suggests that they were not given a competitive 
advantage by the harvesting activity of ants. Thus, although single 
species may preferentially harvest some seeds, when the harvester 
ants are considered as a whole the variety of seeds selected by 
the ants would reflect the availability of seeds in the area. In 
fact, because they tend to concentrate on abundant food sources, 
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there would seem to be a bias toward the seeds of the dominant 
plant species, such as the chenopod A.vesicaria and the grasses 
S.caroli and C.truncata. This infers that the combined effect of 
the harvester ants might be to help maintain plant species diver-
sity by taking proportionately more of the conunon seeds, as Harper 
(1969) has suggested that such apostatic selection improves the 
competitive ability of the rarer species. The opposite effect is 
described by Tevis (1958), who suggested that the ant V.pergandei 
might help keep some plant species rare by selectively harvesting 
. 
their seeds. Such selection would tend to reduce species div~r-
sity. However, he looked at only one harvester species and 
mentioned that three were present, so that the combined effect of 
the ants may have been different. As single species at "Emmet 
Vale" have also been shown to preferentially take numerically less 
abundant seeds, the two results are not in complete disagreement. 
7.2.3 The distribution of plant species 
As the harvester ants collect seed from one area and 
remove it to another {the nest) it is possible that they may act 
as seed dispersal agents. This would apply primarily in the case 
of the larger shrubs and the dwarf chenopods. The seeds of the 
common grasses are more subject to wind dispersal, whereas the 
shrubs drop their larger and heavier seeds which accumulate 
beneath the bushes. Williams (1972) has shown that 83% germination 
in A. vesicaria occurs beneath the female bush. Such plants would 
have poorer chances of survival than ones which germinated away 
from mature bushes. If the ants did move this seed about they 
could influence plant pattern. Germination could occur from 
151 
abandoned nests or granaries, and three instances of s eedlings 
growing out of old nests were recorded. This howeve r seems 
insignificant compared to the total number of seedlings occurring 
in the plot. Further, it is unlikely that germination of seeds 
would occur in occupied nests under normal circumstances, as 
observations made on laboratory colonies showed that the ants 
chewed off the radicles of germinating seeds. 
There is some evidence that Ch. (whitei) can affect the 
distribution of the dwarf Kochia spp. These are harves ted and 
brought back to the nest with the fruit, the seed is removed in 
the nest and the fruit thrown out onto the nest mound. In some 
cases both seed and fruit were rejected, and these could genninate 
on and about the nest. The data in Table 7.2 shows that the re is a 
greater density of Kochia spp. around the nest area than in the 
immediate vicinity. This applied only to nests of Ch . (whitei) as 
it is the main harvester of these seeds. However, the total area 
involved is only about 0.2% of the surface area, and as Kochia spp. 
are also abundant in patches away from ant nests the overall effect 
is probably minimal. 
Table 7.2 
Plot 
Distribution of Kochia spp. on and about 
nests of Chelaner (whi t ei) 
2 (Plants/1/10 m quadrat) 
Control Ch. (whitei) nest 
Grass 
Saltbush 
6.6±4.l 
0.4±0.5 
15.6±9.9 
1.2±2.0 
Sample size= 8 
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It is possible that selective foraging of certain areas 
might have an influence on plant distribution, especially in the 
case of the shrubs where seed accumulates beneath the parent bush. ~ 
Field observations showed that the harvesters foraged by forming 
trails to areas in which there was a rich food source, and in the 
case of Ch. (whitei) and PheidoZe sp.l this was usually beneath 
an A.vesicaria bush. Furthermore, data from experiments in which 
ant colonies were enclosed in 4 m2 areas containing A.vesicaria 
bushes showed that they are capable of removing most of the seed 
from a bush if they concentrate in that area (see Table 7.3). 
Foraging under certain bushes and not others may then favour 
germination of new seedling in unforaged areas, this influencing 
plant distribution. The experiment on seed production showed that 
there is differential removal of seed from bushes, but as seasonal 
changes in forage pattern occur it is likely any affect would tend 
to be balanced out. 
TABLE 7 .3 Seed removal by harvester ants 
in enclosed areas 
* Seed Seed Seed % removal Species produced left loss by ants 
Control 3120 2880 240 0 
PheidoZe sp.l 2380 60 2320 90% 
CheZaner(whitei) 1220 260 960 72% 
* Corrected for losses not due to ant activity 
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In considering all three possible ways that harvester 
ants might influence vegetation, evidence for feedback mechani sms 
has been fairly scant, and if anything negative, which suggests 
that the plants derive little benefit or harm, from the granivor-
ous behaviour of ants. 
7.3 The influence of nectar-feeding ants 
7.3.1 Ants tending sap-sucking insects on saltbush 
In Chapter 5 it was mentioned that Iridomyrmex sp.l, 
which is the most abundant ant on the saltbush site, obtained part 
of its energy intake from the exudates of sap-sucking insects. 
The most important of these was a coccid Pulvinaria maskelli, 
which has been referred to by Froggatt (1910) as an insect harmful 
to saltbush, and which was responsible for a great deal of damage 
to A.vesicaria in the Wentworth district of western New South Wales 
in 1891 (Olliff 1891). Its biology has been described by Olliff 
(1891, 1892). At "Emmet Vale" it was observed feeding on the 
branches and sterns of A.vesicaria. Iridomyy,,nex sp.l worker ants 
patrolled infested bushes, and licked material from the scales. 
The ants built up mounds of leaf and twig debris and earth at the 
base of these bushes, and operated out of these shelters. On 
several occasions large female scales were found on the basal stem 
of the saltbush inside these shelters, and furthermore, when 
patrolled bushes were disturbed the ants would run about in an 
agitated state and attack the cause of the disturbance. This 
suggests that the ants may be providing protection for the scales, 
both by disturbing potential predators and by sheltering some of 
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of the scale. Both types of behaviour have also been described by 
Sudd (1967) and Nixon (1951) for other species of ant and sap-suck-
ing insects. 
Increases in the population of P.maskeZZi were noticed 
during a dry period in the spring and summer of 1972, and as it 
had previously had a deleterious effect on saltbus h, A. vesicar ia 
bushes were examined for infestation and damage. This survey was 
carried out on a random selection of 59 bushes in t he autumn of 
1973. Heavy rains prior to this had drastically reduced the pop-
ulations of coccids, but previous infestations were revealed by 
the presence of the old tests of male coccids, and the built-up 
ant shelters at the bases of the bushes. 
Nixon (1951) pointed out that the feeding activities of 
these insects interferes with plant growth processes and metabol-
ism, and that they can act as vectors for pathogenic organisms. 
In the present study, heavy infestations by the coccids resulted 
in withering of the leaves and eventually the death of the branch 
on which feeding occurred. Ultimately, the whole bush would die 
if heavy infestations persisted. Table 7.4 shows the extent of 
damage done .to the A.vesi caria bushes by these coccids. The 
proportion of dead branches on each bush was estimated to the 
nearest 10%, both for free and infested bushes, and the difference 
was estimated to be the amount of damage due to coccid feeding. 
The results show that 27% of the A.vesicaria bushes were presently 
infested by coccids, and a further 22% had been infested in the 
recent past, which means that almost half the bushes have at some 
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time or another suffered coccid attack. In all cases worker ants 
of IridomyPmex sp.l were tending these, and it seems likely their 
success on the saltbush can be partly attributed to protection 
afforded by the presence of ants. Olliff (1891), in his descrip-
tion of the coccid-outbreak, mentioned two predat ors of these; 
the larvae of a neuropteran and of a noctuid moth. However, he did 
not report any ants tending the scale-insects. In the present 
study no predation of scale-insects was observed. Moreover, the 
infested plants showed significantly greater damage t han coccid-
free plants (t = 4.6, P < .001), which suggests that ant attendance 
of sap-sucking insects may be injurious to saltbush. Brown and 
Taylor (1970) mention that some scale insects are a serious problem 
only when attended by ants. The coccids showed no discrimination 
between the sexes of the infested bushes, but there were differ-
ences in the relative infestations between the size classes (and 
hence age classes) of A.vesicaria. Small bushes wer e l e ss 
frequently infested than middle-size and larger ones (22%, 55% 
and 50% respectively), but sustained relatively more damage from 
these attacks (27.2%, 17.5% and 9.3% branch death respectively). 
This suggests that although they are attacked less frequently, 
smaller plants are more likely to be seriously damaged and die. 
Larger plants can probably withstand attacks better, because it 
would take a longer period for the coccid population to build up 
to a level which would severely damage the whole bush. It has been 
mentioned that the coccid population was markedly reduced following 
continuous heavy rains, and it is possible that climatic factors 
such as this can check the populations before plant death occurs. 
Thus it would seem the coccids have little influence on age 
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TABLE 7.4 
Bush 
category 
By sex 
unknown 
< 15 cm 
By canopy 15-25 cm 
size 
> 25 cm 
Total dead 
live 
Effect of "Pulvinaria maskelli (coccidae) infestations on saltbush 
Number of bushes Percentage of dead 
Presently Previously branches* Total Free infested infested Free Infested 
33 19 8 6 10.5(0-30) 25.7(0-60) 
21 8 8 5 16.2(0-30) 27.7(0-50) 
3 3 0 0 0 
9 7 2 0 2.8(0-10) 30.0(0-50) 
20 9 7 4 7.8(0-20) 25.5(10-40) 
28 14 7 7 17.8(0-30) 27.1(10-60) 
2 0 0 2 - 100 
57 30 16 11 11. 7 (0-30) 26.7(0-60) 
* Bracketed figures are ranges of individual bushes. 
Damage 
attributed 
to coccids 
15.2% 
11.5% 
27.2% 
17.5% 
9.3% 
? 
15.0% 
...... 
V, 
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structure of the A.vesicaria community. The two dead bus hes in the 
survey both had signs of past cocc i d infestation, but it cannot be 
claimed with certainty that this contributed to plant death. It 
seems likely however, that the productivity of the damaged bushes 
(including seed production) would be reduced, though the effects 
of this remain unclear. Nevertheless, because of their behaviour 
of tending coccids for the honey-dew they produce, the ants are 
having a deleterious effect on the saltbush, since, if unchecked 
by climatic factors or predators the coccids could cause wide-
spread destruction as reported by Olliff (1891). 
7.3.2 Ants as potential pollinators 
Ants of the genera IridomyT'l7lex, Camponotus and Polyrhachis 
have been observed collecting nectar from the flowers of several 
annual composites. In the case of Podolepis muelleri which is 
periodically very abundant, both workers of I . purpu.reus and 
Camponotus sp.2 were seen leaving flower heads covered in fine 
yellow pollen dust. They were further observed to visit other 
P.muelleri plants, which suggests that the nectar feeding ants may 
act as pollinators for this particular plant, and probably for 
others. Wilson (1971) mentions other examples where ants are 
thought to pollinate plants while visiting their floral nectaries . 
Thus, this group of ants has a possible beneficial effect on the 
plants , as well as the deleterious influence in tending sap-
feeding insects. 
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7.4 The influence of ants on the soil 
7.4.l Mechanical, e ffects 
All the ant species collected during thi s s tudy built 
their nests in the soil, and through their burrowing habits they 
may aid soil turnover and indirectly improve soil a e ration and 
water infiltration. During nest excavations, many aba ndone d 
galleries were found in the soil. They appeared to b e s truc t ura lly 
quite stable in these heavy grey clays, and although no measureme nts 
were taken, probably facilitate the movement of air and water a s 
the clays themselves are relatively impermeable (Stace et al, . 1968). 
Investigations by Green and Askew (1965) on English clay soils 
showed that permeability was greater in clays containing such 
galleries and pores, than in a clay soil without them. It should 
be noted though, that the soils at "Emmet Vale" are cracking clays, 
and these cracks might be the main method of aeration and infiltra-
tion. However, the ant burrowings extend to deeper levels than 
the cracking (beyond 60 cm) and provide further passages for air 
and water movement. 
The role of ants in soil turnover, however, was investig-
ated. To do this, collections were made of soil brought to the 
surface by various ant species after a period of heavy rain. In 
addi~ion, the mean nest density was calculated from the colony 
2 
census of the 500 m saltbush plot, and the frequency of rainfalls 
sufficient to stimulate extensive nest excavation (> 15 mm) was 
estimated from meteorological records to be 5 to 6 times per year. 
From this information a rough estimate of annual soil turnove r by 
ants was made. The results are shown in Table 7.5. 
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TABLE 7.5 Soil turnover by ants in the s altbus h area 
Soil Colony Soil Estimated 
Species excavated density excavated annual 
per colony per spe cies soil turnover 
( gm) (No/m 2 ) ( gm/m2 ) (Kgm/ha) 
Che laner(whitei) 49.5 0.018 0.9 45-54 
Chelaner (rothsteini) 30.0 0.004 0.1 5- 6 
Pheidole sp.l 17.5 0.084 1.5 75-90 
I r idomyY'mex sp.l 30.8 0.096 3.0 150-180 
Large non-harvesters 18.3 0.070 l. 3 65-78 
Small ant species 1.-6 0.118 0.2 10-12 
Total 0.39 7.0 350-420 
Kgrn/ha/yr 
Table 7.5 shows that through their burrowing the ants 
bring 350 to 420 Kgrn of soil per hectare to the surface from deeper 
levels each year. Except for I ridomyY'mex purpureus the ant species 
do not form large mounds, and the ir nests only occupy approximately 
0.3% of ' the total surface area. The soil they bring to the surface 
is deposited in piles around the nest entrance, but these are not 
stable and are soon spread or compacted by wind and rain. The 
bulk density of the grey clays present at the study site is l. 4 
gm/cc (Stace 1968) which means that the soil brought to the sur-
face annually would form a uniform layer approximately 0.03 mm 
thick. This is a similar turnove r rate to that found various mound 
building termite s and ants; Williams (1968) and Lee and Wood 
(1971b) estimated rates of soil accumulation for t e rmites ranging 
from 0.0125 to 0.40 mm/year, Buc her and Zuccardi (1967) calculate d 
that the ant Atta vollenwei der i , which builds large mounds, 
brought up soil at the r ·ate of O. 085 mm/year, a nd the data of 
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Baxter and Hole (1967) gave a rate of 0.1 rrun/year for the mound-
building ant FoY'ITlica cinerea. At this rate of soil turnover, they 
suggested the ants were a significant factor in the formation of 
the prairie soil in which they occurred. The only ant that builds 
large mounds at "Errunet Vale" is I. purpureus, but Gre enslade (1973b) 
has mentioned that the density and turnover of nests appear to be 
too low for it to have any significant effect on pedogenesis . 
7.4.2 Effects on soil nutrient levels 
a) Methods 
Soil samples were taken from the nest sites of several 
species of harvester ant (Chelaner spp. and Pheidole sp.1), the 
dominant non-harvester ant IridomyY'!Tlex sp.l, and a large predatory 
ant Odontomachus sp. The samples c onsisted of 3 cm diameter cores , 
taken at two depths, 0-2 cm and 2-4 cm. Control samples we re 
taken at similar depths at a distance of 30 cm away from the nest 
site. Deeper samples were not taken, b ecause the possible effects 
of ant modification of soil nutrients on plant composition and 
growth was the main consideration, and Charley (1971) has pointed 
out that nutrition of perennial saltbush corrununitie s in New South 
Wales is detennined mainly by the chemical status of surface soils. 
The soil samples were analysed for pH, carbon, phosphorus 
and nitrogen. Soil pH was detennined from a 5:1 aqueous s oil 
suspension. Total carbon was estimated gravimetrically as co
2 
following oxidation in a LECO high frequency induction furna ce 
(Tongway pers. com.). Available phosphorus wa s d e t e rmine d on a 
Prototype auto-analyser following sodium bicarbonate e xtraction of 
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the soil (Colwell 1965), and total nitrogen was similarly estimated 
after Kjeldahl digestion of the soil using selenium catalyst, by 
an automated distillation procedure (Keay and Menage 1969). 
b) Results 
The results of the soil analyses are presented in Table 
7.6. They show that there were only small variations in soil pH 
between samples, and no trend was found in the changes between 
ant nest and control sites. Gentry and Stiritz (1972) and 
Breckle (1971) also found that ants did not alter soil pH at their 
nest sites, though studies on Polish meadow ants suggested ant 
activity increased soil pH (Czerwinski et al . 1969). The 
influence of ants in this regard is probably dependent on local 
physical and chemical properties of the soil. In the three 
harvester species sampled, when comparisons were made with the 
paired controls, carbon concentrations in the surface layer 
increased by 1.3 to 2.3 times, phosphorus by 3.3 to 12.7 times and 
nitrogen by 1.4 to 1.9 times. The amount of these minerals 
generally declined at the sub-surface layers of the ant nest area. 
The accumulation of such nutrients in the surface layer is most 
likely due to presence of the waste plant material such as seed 
husks and leaf and twig fragments which are discarded about the 
nest entrance, and perhaps to some extent due to metabolic waste 
products of the ants themselves. The non-harvesting ant 
Iridomyrmex sp.l, which does not deposit waste material · about the 
nest , did not show nutrient concentrations, and in fact level s of 
all three minerals decreased, possibly due~the deposition of soil 
from lower horizons during nest excavation. The predatory ant 
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TABLE 7 .6 
Species 
Che Zaner 
(whitei) a. 
Chelaner 
(whitei) b. 
Chelaner 
(rothsteini) 
Pheidole 
sp.l 
--
Iridomyrmex 
sp.l 
-
Odontomachus 
sp. 
Soil nutrient analyses of ant nest and control sites (see text for details) 
pH Total C (%) Total N (%) Available P (ppm) 
0-2 2-4 0-2 2-4 0-2 2-4 0-2 2-4 
cm cm cm cm cm cm cm cm 
nest 7.23 6.65 1.53 1.12 0.17 0.14 40.2 12.9 
control 6.85 7.04 0.82 0.95 0.11 0.11 12.0 6.0 
nest 6.84 6.69 2.81 1.59 0.26 0.17 103.4 30.6 
control 6.74 6.91 1. 20 1.01 0.14 0.13 16.8 10.6 
nest 5.92 6.78 1.44 1.53 0.18 0.17 209.0 118.3 
control 6.15 7.16 1.12 0.61 0.13 0.08 16.5 4.8 
nest 6.60 6.51 1.81 1. 54 0.20 0.16 39.7 16.9 
control 6.49 7.15 1.19 1.15 0.13 0.12 7.4 4.6 
nest 6.57 6. 71 0.52 0.52 0.08 0.09 10.3 6.0 
control 6.80 6.90 0.94 0.92 0.13 0.11 10.8 7.3 
nest 7.16 7.32 2.47 1. 38 0.20 0.15 20.8 10.0 
control 7.39 6.99 1.06 1.44 0.13 0.16 6.2 13.9 
...... 
O'\ 
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Odontomachus sp. however does discard fragments of arthropod prey 
about its nest, as well as using leaf and twig matter to decorate 
the site. It again showed a twofold increase in carbon, phosphorus 
increased by 3.3 times and nitrogen by 1.5 times, though only at 
the surface layer. 
Such concentration of nutrients in the nest area appears 
to be a widespread phenomenum in ants, as it has also been reported 
for a range of species by Petal et al . (1970), Czerwinski et al . 
(1969), Breckle (1971) and Gentry and Stiritz (1972). These 
studies have all dealt with mound building ants and in these cases 
they have been shown to modify vegetation composition and growth 
on and about the nest site. At "Emmet Vale", none of the ants 
examined built large nest mounds, and no obvious differences in 
plant composition were observed. However, Gentry and Stiritz 
(1972) showed that plant growth was significantly greater in soil 
from ant nests than from control areas, so that it is quite likely 
the plant conununity derives benefit from nutrient concentration by 
the ants. In the present study, nitrogen is probably the most 
important nutrient involved, as Beadle and Tehan (1955) and 
Charley (1971) state that nitrogen is the most limiting element 
in the nutritjo~ of arid zone communities, and in saltbush 
systems exercises primary control over soil fertility. 
The ants therefore seem to have a role in the cycling 
of nutrients. These are derived from two sources, plant material 
which is cycled mainly by the harvester ants, and animal material, 
which moves through the non-harvesters. The harvester ants 
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probably affect the horizontal distribution of nutrients by 
removing plant material from under the saltbush and depositing 
it elsewhere. Charley (1971) pointed out that concentrations of 
nutrients occur beneath the shrubs as a result of litter deposi-
tion, and this has resulted in a mosaic of mineral concentration. 
By concentrating nutrients at other sites the ants contribute to 
the pattern of this mineral mosaic and hence may influence over-
all conmunity nutrition. 
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CHAPTER EIGHT 
SYNTHESIS AND DISCUSSION 
A community is the product of a long series of evolution-
ary processe s , and as such its structure is to a certain extent 
influenced by the time and events through which species additions 
have o ccurre d, and the manner in which selection has led to 
specie s adaptation and survival in a given environment. It would 
appear that such processes have led to a rich ant fauna in semi-
arid Australia. They have provided the elements from which the 
community is built, but the contemporary structure can be modified 
by a variety of physical and biotic mechanisms. 
The present study suggests that the most important of 
these mechanisms influencing the structure of the ant community at 
"Emmet Vale" are the intra- and interspecific interactions among 
the component species. The study was carried out on a geographic 
scale small enough to minimize any effects of soil type or climate, 
and comparisons of the saltbush and grass plots showed that graz-
ing-induced changes in vegetation structure only had a slight 
influence on ant populations; both sites supporting a fauna of 
similar composition and diversity. However, analyses of the colony 
distribution patterns of the main ant species showed that several 
biotic interactions seemed to be responsible for most of the 
spatial pattern within the community. 
The colonies of the various ant species were shown to be 
either aggregative, randomly distributed or overdispersed. In 
both instances where aggregative patterns occurred the explanation 
seemed to lie in the method of nest propagation; in the harvester 
Chelaner(whitei) newly-mated queens did not fly but walked away 
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from the maternal nest and established independent nest cells near-
by, while Iridomyrmex sp.l formed extensive multi-nest colonial 
systems. Several species which occurred at medium densities, such 
as Pheidole sp.2, Chelaner(rothsteini) , Rhytidoponera metal lica and 
Odontomachus sp., had spatial patterns which were shown to be 
random, though with a tendency to be overdispersed, while relatively 
more populous species such as Pheidole spp.l and 3 and R.convexa 
showed significantly overdispersed colony distributions. Both 
Rhytidoponera species and Odontomachus sp. were highly territorial 
and showed marked intraspecific aggression between colonies, and 
while Pheidole species did not defend specific territories they 
also were hostile toward conspecifics. Such intraspecific 
antagonism and the resultant interference is probably largely 
responsible for the dispersive patterns shown by these species. 
These mechanisms can operate at various stages in the development 
of an ant colony. In the case of Pheidole spp. where the popula-
tion consists mainly of mature colonies, spacing mechanisms seem 
mainly to occur through interference of mature colonies on 
incipient ones, by such means as the killing of newly-mated con-
specific queens. In species such as Rhytidoponera spp. in which 
colonies seem more transient, direct interference by worker ants 
may lead to the abandonment or shifting of a nest site, and hence 
these spacing mechanisms may be continually operating. 
A certain degree of interspecific hostility also occurs 
between some species. The dominant ant Iridomyrrnex sp.l exhibited 
the greatest potential for aggression of the ant species, and was 
shown to influence the spatial distribution of other species about 
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it. Those species which were subordinate to IridomyY'l11ex in en-
counters and who showed similar ecological roles, such as 
Camponotus sp.l and Rhytidoponera spp. apparently could not 
successfully establish colonies close to IridomyY'l11eX nests. On 
the other hand, the harvester ants, whose food requirements did 
not overlap with IridomyT'ITlex and who appeared indifferent to 
direct contact with it, were able to establish colonies independent 
of the distribution of IridomyT'ITlex. Within the harvester ants 
themselves, most of the species were unaffected by the presence of 
each other, with the exception of the morphologically and 
behaviourally similar PheidoZe spp. 1 and 3, who showed inter-
specific hostility which apparently resulted in the dispersive 
spacing between colonies. However, there was no clear cut case 
of dominance here as in the case of the influence of IridomyY'l11ex 
sp.l. Overall there are a variety of ways in which intra- and 
interspecific mechanisms can lead to spacing arrangements and 
patterns within the ant conununity. 
Andrewartha and Birch (1954) pointed out that distribu-
tion and abundance are really two aspects of the same problem, and 
therefore it would seem likely that the factors which are important 
in determining spatial pattern will also be important in the 
determination of populations, and hence overall conununity stability. 
In fact, there was a tendency for the spacing patterns to become 
increasingly overdispersed as colony density increased in 
PheidoZe spp. 1 and 3, which suggests these mechanisms might act 
to limit colony density. In this respect, such intraspecific 
interactions probably also contribute to overall species diversity, 
168 
since if a population of a dominant ant is self-limiting, it may 
enable less competitive species to coexist. It could be argued 
that interspecific interactions, of the type where IPidomyrmex 
sp.l interferes with other species, could lead to their elimina-
tion from the population and reduced species diversity. However, 
IPidomyrmex sp.l and similar dominants also show a high degree of 
intraspecific aggression (i.e. interference competition) between 
colonies, and as Pontin (1963) pointed out, if intraspecific 
competition exceeds interspecific competition in severity, the 
difference will stabilize coexistence. The composition and 
colony density of the ant conununity at "Enunet Vale", in fact, 
remained fairly stable throughout the study period. It also 
consisted mainly of mature colonies, which suggests that the rate 
of replacement is low. The high mortality rates that occur among 
the founding queens could plausibly suppress the establishment of 
new colonies and hence limit populations, but as Brian (1965) has 
concluded it probably has little effect, because more control is 
exercised by the ground organization and self-spacing mechanisms 
through intra- and interspecific interactions, which occur 
subsequently. 
Although the conununity appears to be inherently a stable 
one, there is considerable variability in the composition and 
numbers of the portion of the ant fauna active at any one time, 
both on a seasonal and diel basis. This is due to differences in 
the activity patterns of the component species. These changes in 
the pattern and intensity of foraging activity were shown to be 
controlled by several climatic and biotic variables. The climatic 
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variables could be divided into those which have a direct effect 
and those which only act indirectly. The direct factors can be 
further divided into those that are stimulatory or inhibitory (i.e. 
act as "on-off" switches), such as light and soil moisture content, 
and those which act as rate regulators, such as soil surface 
temperature and the saturation deficit of the air (a measure of 
the evaporative stress placed on the foraging ant). The indirect 
factors, which include wind, rain and cloud cover modify the 
intensities of the direct ones and so have some influence on 
activity patterns. Biotic factors such as the amount of available 
food were also shown to affect overall foraging levels, with 
foraging intensity being increased when food was more abundant. 
There was no simple response to this combination of variables 
though, and individual species responded differently to the 
various factors. This has led to distinct die! and seasonal 
activity patterns for the various species, resulting in a separa-
tion of activity periods and a possible reduction in potentially 
competitive interactions between them. 
Trophic structure in the ant community was fairly comp l ex , 
because the ants, as a taxon, covered the range of trophic levels, 
from primary consumers to carnivores and scavengers of dead animal 
material. Furthermore, apart from a few specialist predatory 
species, most ants exhibited broad food usage and many individual 
species also operated at more than one trophic level. Basically, 
the community could be divided into six functional categories 
based on the class of food resource being used. These categories 
were the specialist predators, which included the apparently 
170 
subterranean myrmecophagous Lioponera and Cerapachys; the 
generalist predators, represented by Odontomachus which hunted 
live prey on the soil surface; the predator-scavenger species 
such as Rhytidoponera which also scavenged large proportions of 
dead animal material as well as hunting live prey; the more un-
specialized omnivorous species, which were divided into those 
which took honey-dew and nectar as well as scavenging and showing 
some predation (Iridomyrmex, Camponotus, Polyrhachis), and those 
which collected a small proportion of seed in addition to a wide 
animal diet (Meranoplus, Melophorus, Xiphomyrmex); the seed-
harvesters included those ants of Pheidole and Chelaner which used 
mainly seed as a food source, although some also took small 
proportions of animal matter. 
Closer examination of resource use within these categor-
ies showed that most of the species were unspecialized and also 
widely overlapped in the type of food items taken. This was 
especially evidentwlaere scavenging was concerned. The type of 
foraging strategy and the manner in which food is partitioned 
probably depend on the method of resource supply, so that the un-
certain manner . in which scavengable material is generated prob-
ably necessitates an unspecialized choice of items for the 
species to maintain their energy intake. Where species depend 
on a continually renewable resource, such as dead animal matter, 
prey or honey-dew, potential exploitative competition for the 
available food seems to be minimized in two main ways, either by 
temporal separation of foraging periods, or by spatial separation 
through aggressive interactions. By foraging at different times, 
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different species are essentially using different resource sets, 
if the resource is being continually renewed. Thus the nocturnal 
and diurnal species of Camponotus do not interact with each 
other, and members of the genus Melophorus are virtually the only 
species active during very hot conditions. These are extreme 
examples, but no two species showed the same activity patterns 
which means there is some degree of partitioning between all the 
species. Aggressive interactions between conspecifics have 
resulted in self-spacing of colonies, either through the defence 
of exclusive territories, such as in Rhytidoponera and Iridomyrmex 
sp.l or other more subtle interactions such as interference to 
founding colonies. It is a truism that a species greatest 
competitor is itself, and these intraspecific interactions result 
in a colony having the use of part of the resource set to the 
exclusion of conspecifics. Interspecific aggression by dominant 
ants such as Iridomyrmex sp.l further contributed to spatial 
patterns amongst these species, though interspecific interactions 
appear to be restricted to some extent by differences in temporal 
activity. The size of the ants would also tend to reduce these 
interactions, as it allowed some separation of resource use; the 
larger species taking larger prey. Further differentiation is 
probably reflected in the different methods of foraging, varying 
from solitary hunting in species of Rhytidoponera and Odontomachus, 
the random running of large numbers of ants in Melophorus and the 
trail formation and mass recruitment of some Iridomyrmex species. 
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The self-spacing mechanisms seem to be of primary importance however , 
and because of them it is possible that food is not a limiting 
factor in the population dynamics of the non-harvester ants, since 
such mechanisms place immediate restrictions on resource use 
regardless of whether it is actually or potentially limiting 
(Miller 1969). 
In the harvester ants the resource supply is not continu-
ally renewable, but occurs through occasional heavy production 
followed by a gradual decline in abundance due to removal by seed 
predators and climatic factors. More important though, seed is a 
storable food source. The basic food strategy of the harvester 
species then is to maximize foraging activities when these periodic 
pulses of production occur and they are saturated in their food 
supply, and rapidly accumulate large stores of seed in their 
underground granaries, which can then act as a buffer against 
periods of reduced food availability. All the species show some 
degree of trail forming which seems to be well suited for the 
efficient harvesting of food which occurs in dense patches, such 
as newly fallen seed. While the other four species forage fairly 
close to the nest (1-lOm), Ch. (rothsteini) will travel considerable 
distances ( >30m) and over wider areas, and appears to be equally 
adapted to harvesting a scattered seed source. All species appear 
to harvest in a manner which tends to optimize energy intake per 
energy expended foraging. 
Within the harvester ants partitioning of time and 
available resources also occurs. There are basically two methods 
as far as surface foraging is concerned, one of avoidance and one 
of tolerance to extremes of aridity . The avoidance method is 
shown by Ch .(1..;hitc1:) , and l'h('1:dole spp. 1 and 3, which are 
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inhibited by high saturation deficits and operate at low tempera-
ture ranges, thus avoiding the more extreme conditions. However, 
experiments have shown they can respond quickly when conditions 
become favourable and maximize their activity in these periods. 
Thus the time necessarily spent on the surface and exposed to its 
dangers is reduced to periods when environmental conditions are 
most benign. The other two species, Ch. (roths teini) and Pheidole 
sp.2 show tolerance to such conditions, as they are not greatly 
affected by high saturation deficits and forage at higher tempera-
tures. Such species can make use of the higher activity rates 
they would have with higher temperatures (Greenslade 1972a), but 
probably at the expense of a higher metabolic cost. The species 
favouring avoidance methods also tended to have more variable 
periods of activity than the tolerant species, both on a seasonal 
and diel basis, but because they remained active at relatively 
lower temperatures, they showed longer seasonal activity which 
extended further into the cooler winter months than did the 
tolerant species. 
These different behavioural and physiological responses 
have resulted in partitioning of time by species, but why such 
temporal separation should occur presents a problem. The resource 
class being used, seed, is presented at saturation levels and then 
is essentially not renewed until the next production pulse. 
Therefore, the ants are not really using a different set of the 
resource when they forage at different times, as was argued in 
the case of the non-harvester species using a continually renew-
able resource. Temporal separation could plausibly reduce 
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competition through interspecific interference, but paradoxically 
the only species pair which showed such hostility also had one of 
the highest temporal overlaps. It seems likely that competition 
may have had little selective influence on the periodicities of 
activity, but rather these activity responses reflect the general 
adaptive strategies of the species to a semi-arid and variable 
environment. Whittaker (1972) has argued that there are many ways 
in which a species could adapt to an unpredictable and fluctuating 
environment, and the harvester ants probably represent a range of 
adaptive strategies. Although there was a dichotomy into two 
groups, there was also a gradient from a strategy of avoidance to 
one of being increasingly tolerant of arid conditions: 
Pheidole 3 < Pheidole l < Ch. (whit~i )<< Pheidole 2 < Ch. (rothsteini) 
tolerance 
A quantitative examination of resource use by the harvester 
ants, showed that overall the species took a wide range of food 
items, although there were individual preferences, based on chemical 
cues and seed phenology, and also a marked seasonal variation in 
diet, correlated with seed production. Moreover, seasonal changes 
occurred in the degree of overlap in food use between species pairs, 
and generally this overlap was greatest at times of maximum food 
abundance. This was also the time when pairs of harvester ants 
showed the narrowest choice of food and was due to their converg-
ence on a comnon abundant food source. Estimates of seed produc-
tion and removal further suggested that the harvester ants were 
not food limited, and because of this and the fact that seed 
production occurs periodically at saturation levels and can be 
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stored, it would appear that exploitative competition b e twe en the 
species is minimized. Even though surface activity wa s highly 
variable, colony density remained fairly constant, which suggest s 
that populations are being stabilized at a dens i ty be low that at 
which food would become limiting, and it i s likely t hat intra-
specific self-spacing interactions are important contributors to 
this. 
When comparing the two groups, stability of the harve ster 
ant colonies was greater than that of the non-harvesters; as 
there were relatively fewer changes in number and position of 
colonies. Conversely, individual colonies of the non-harvester 
species show less erratic activity patterns than their harvester 
counterparts. The disparity probably lies in their different food 
strategies. The non-harvesters are dependent on animal tissue, 
plus plant and animal exudates, all of which are perishable, and 
consequently they must forage on a more or less continuous basis 
(weather permitting) in order to maintain an energy supply. 
IridomyY'ITlex sp.l nest density increased when there was an increase 
in food supply (honey-dew), and the general impression was that, 
although territoriality .acted as a buffer, the non-harvester 
species were more sensitive to changes in their food supply. On 
the other hand, because the harvester species utilize a storable 
food supply, this would dampen any fluctuations in food abundance . 
This strategy would seem more favourable in a highly variable 
environment such as the semi-arid and may partly explain why seed 
harvesters are so successful in these areas. Non-harvester 
species have no such additional buffering system and so their 
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population dynamics would be more closely tied to environmental 
changes. It is important to note though that colonial organiza-
tion itself can act as a homeostatic device (Wilson 1971) as 
changes in overall populations can be absorbed by the colonies 
without changing actual colony numbers. 
The most important finding from the analyses of harvester 
ant niches was that the extent to which the potentially usable 
portion of a niche dimension is used varied markedly in response 
to environmental changes, and furthermore, the degree to which 
species overlap along the various niche dimensions fluctuated in 
a similar fashion. This means that both the manner and extent to 
which species interact with each other is continually changing in 
response to changes in conditions about them. The fact that 
species differentiation does occur when there is apparently little 
competitive .pressure, and since such differentiation is variable, 
suggests that there is loose coupling between closely related 
species, which would tend to act as a buffer against environmental 
perturbations and so stabilize the coexistence of the species. 
With regard to interactions between trophic levels, the 
data suggests that the harvester ants provided a large proportion 
of the diets of scavenger and predatory ants. However, this 
apparently made little impact on harvester ant abundance, and 
further a significant part of this was in the form of discarded 
worker ant corpses. Thus, it would appear that the higher level 
ants are taking mainly the excesses of harvester ant production. 
Generally, there appears to be loose coupling between trophic 
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levels,as the harvesters are taking only a small proportion of 
available seed, and only a small and usually redundant proportion 
of their production is channelled through the ant community at 
higher trophic levels. Other predators at this leve l appear to 
have a similarly low impact on the ants. This system seems to 
provide further buffering against environmental perturbations. 
As a result of the loose coupling, it would seem that 
there are no important feedback mechanisms. Evidence from this 
study suggest that the absolute abundance of the vegetation is 
unaffected by harvesting activities of the ants, and the composi-
tion and distribution of plant species is probably only marginally 
influenced. No indications of a coevolved system between the ants 
and their food source were found, and it would appear selection on 
the plants is directed more toward amelioration of the physical 
stresses of an unpredictable environment, rather than to compen-
sate for biological pressures, as has been suggested by 
Slobodkin and Sanders (1969). They also state that under more 
predictable and benign conditions, selection for biological 
accommodation becomes more important, so that it seems reasonable 
that such coevolution has been found in tropical areas (e.g. 
Janzen 1969). Indirect feedbacks may occur through soil turnover 
and modification by the ants. It was found that various ant 
species concentrated nutrients such as carbon, phosphorus and 
nitrogen in the areas about their nests, and such effects have 
been shown to influence plant growth (Gentry and Stiritz 1972). 
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In sununary, while factors such as climate, vegetation, 
soil type and predatory influences are not inexi s t e nt, the chi e f 
structuring agent of the ant conununity appeared to b e the intra-
and interspecific aggressive interactions among the component 
species. These have combined to disperse the spatial distribu-
tion of the populations, and so may also act to limit population 
size and species diversity. The function of the ant conununity is 
characterized by a complex buffering system, which h e lps to 
stabilize conununity structure in an unpredictably fluctuating 
environment. Five buffering mechanisms were recogn i zed and these 
operated at different levels of population organization (see 
Table 8.1). Loose coupling between trophic levels and between 
members of a trophic level may well be general properties of 
conununities and ecosystems subject to potentially stressing 
physical fluctuations. The organization of ant colonies, and the 
aggressive interactions between these, tend to limit populations 
and dampen population decreases. These factors may be contributors 
to the success of ants in such environments. Furthermore, the 
harvester species appear to be the most successful group of ants, 
and a contributing factor to this is probably their investment in 
a storable food source, which provides further protection against 
environmental perturbation. Overall, this system of buffers 
appears to play a major role in maintaining a high degree of 
stability in the ant community, in the face of an unstable 
physical environment. 
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TABLE 8.1 Buffering mechanisms operating in the ant conununity 
Mechanism 
Colony organization 
Food storing 
Aggressive interactions 
(self-spacing mechanisms) 
Loose coupling between 
ecologically similar species 
Loose coupling between 
trophic levels 
Level 
Colony 
Species - seedharvesters 
Species - all ants 
Community 
Conununity 
Mode of action 
Da mpen s fluctuations in ant populations, as changes 
can be absorbed within colonies without affecting 
colony number 
Protects against periods of low food supply 
Lead to division of space, and limitation of colony 
densities at levels below those at which food might 
become limiting; therefore protects against fluctua-
tions in food supply 
Minimizes the possibility of exploitative competi-
tion between species; enables several species to 
utilize a particular resource class 
Reduces the chances of food limitat i on during periods 
of low productivity 
f--' 
(0 
0 
APPENDICES 
APPENDIX 1 Floral checklist of the "Emmet Val e " s ite . 
Class: Monocotyledonae 
Graminae 
Alopecurus geni culatus L. 
Avena fatua L. 
Bromus rubens L. 
Chloris acicularis Lindl. 
C. truncata R. Br. 
Dactyloctenium radulans (R.Br.) Pal. Beauv. 
Danthonia caespitosa Gaudich 
Eragrostis australasica (Steud.) C.E. Hubbard 
Hordeum leporinum Link 
Parapholis incurva (L.) C.E. Hubbard 
Sporobolus caroli Mez. 
Stipa variabilis D.K. Hughes 
Vulpia myuros (L.) K.C. Gmel. 
Liliaceae 
Arthropodium minus R.Br. 
Bulbine bulbosa (R.Br.) Haw. 
Arnaryllidaceae 
Hypoxis pusilla Hook.f. 
Class: Dicotyledonae 
Chenopodiaceae 
Atriplex inflata F.Muell. 
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Atriplex leptocarpa F. Muell. 
A. semibaccata R. Br. 
A. vesicaria Hew. ex Benth. 
Bassia brachyptera (F. Muell.) R.H. Anders 
B. divaricata (R.Br.) F. Muell. 
B. tricuspis (F. Muell.) R.H. Anders 
Kochia aphylla R. Br. 
K. cheelii R.H. Anders 
K. pentagona R.H. Anders 
Malacocera tricornis (Benth.) R.H. Anders 
Rhagodia spinescens R. Br. 
Crassulaceae 
Crassula colorata (Nees) Ostenf. 
Legwninosae 
Medicago polymorpha 1. var. vulgaris (Benth.) Shin 
M. trunculata Gaertn. var. longispina Urb. 
Swainsona oriboides F. Muell. ex Benth. 
Geraniaceae 
Erodium cicutarium (L.) L'Herit ex Ait. 
E. crinitum Carolin 
Zygophyllaceae 
Nitraria billardii L. 
Malvaceae 
Sida trichopoda F. Muell. 
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Umbelliferae 
Daucus glochidiatus (Labill.} Fisch. Mey. 
Boraginaceae 
Echium plantagineum (L.} 
Plantaginaceae 
Plantago coronopus L. 
P. varia R. Br. 
Goodeniaceae 
Goodenia pusilliflora F. Muell. 
G. pinnatifida Schlechtd. 
Compositae 
Brachycome campylocarpa J.M. Black 
B. lineariloba (DC.} Druce 
Calocephalus sonderi F. Muell. 
Calotis hispidula F. Muell. 
Cotula bipinnata Thunb. 
Craspedia uniflora Forst. F. 
Cryptostemma calendula (L.} Druce 
Helipterum corymbiflorum Schlechtd. 
H. floribundum DC. 
Isoetopsis graminifolia Turcz. 
Minuria cunninghamii (DC.} Benth. 
Podolepis muelleri (Sand.) G.L. Davis 
Sonchus oleraceus L. 
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APPENDIX 2 Regression equations of the diel activity 
of the harvester ant species 
These equations are the regressions of activity rate (Y) 
on soil surface temperature (Temp.) and saturation deficit (SD). 
The figures in the brackets represent the point of inflexion of the 
parabolic transformations applied to soil surface temperature and 
saturation deficit data (see Chapter 4). F-tests showed that the 
regressions were significant in all cases. 
Chelaner (whitei) 
February 1973 
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Ants leaving Y = 2.5287 0.0063 (Ternp-19.447) 2 + 0.0008 (SD-28.858) 2 
nest F = 6.823 P < .002 
Ants entering Y ~ 1.4647 - 0.0067 (Ternp-23.987) 2 + 0.0035 (SD-31.260) 2 
nest F = 9.538 P < .001 
November 1973 
Ants leaving 
2 2 
Y = 4.0199 - 0.0186 (Temp-21.923) - 0.0442 (SD-6.392) 
nest F = 5.552 P < .005 
Ants entering Y 
2 2 
= 5.0268 - 0.0327 (Ternp-22.211) - 0.0359 (SD-6.614) 
nest F = 15.885 P < .001 
Chelaner (rothsteini) 
February 1973 
2 2 
Ants leaving Y = 37.4296 - 0.2174 (Temp-31.542) - 0.0319 (SD-28.305) 
nest F = 8.800 P < . 001 
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Ants entering Y = 35.1439 - 0.1653 (Temp-30.531) 2 - 0.0204 (SD-17.804) 2 
nest F = 8.038 P < .001 
November 1973 
Ants leaving Y = 0.4723 + 0.1767 (Temp-11.017) 2 - 0.062 4 (SD+2.421) 2 
nest F = 85.041 P < .001 
2 2 Ants entering Y = -4.6061 + 0.1427 (Temp-11.504) + 0.1466 (SD+0.831) 
nest 
Pheidole sp.l 
February 1973 
F = 67. 760 P < .001 
Ants leaving Y = 2.9535 - 0.0089 (Temp-17.686) 2 + 0.0134 (SD-24.512) 2 
nest F = 11.690 P < .001 
2 2 Ants entering Y = -0.8383 - 0.0009 (Temp-11.098) + 0.0271 (SD-23.115) 
nest F = 21.620 P < .001 
November 1973 
Ants leaving Y = 15.3073 - 0.0352 (Temp-16.430) 2 - 0 . 1161 (SD-3.840) 2 
nest F = 10.275 P < .001 
Ants entering Y = 13.2416 - 0.0335 (Temp-17.690) 2 - 0.1247 (SD-4.825) 2 
nest 
Pheidole sp.2 
February 1973 
Ants leaving 
nest 
F = 9.162 P < .001 
2 2 
Y = 4.6331 - 0.0254 (Temp-29.235) - 0.0017 (SD-14.832) 
F = 6.819 P < .002 
Ants entering Y 4.2583 - 0.0248 2 (SD-13.967) 2 = (Temp- 28. 821) - 0.0001 
nest F = 14.372 p < .001 
November 1973 
Ants leaving y = 1. 2310 + 0.0159 (Ternp-4. 820) 2 - 0.0212 (SD-23. 270) 2 
nest F = 30.251 P < .001 
Ants entering Y = 13.2735 + 0.0032 (Ternp+3.247) 2 + 0.0014 (SD+91.918) 2 
nest 
Pheidole sp.3 
February 1973 
F = 23.067 P < .001 
J 86 
Ants leaving Y = -0.1426 - 0.0001 (Ternp-93.458) 2 + 0.0068 (SD-21.359) 2 
nest F = 18.252 P < .001 
entering Y 
2 (SD-21. 271) 2 Ants = 0.0696 - 0.0002 (Ternp-92.566) + 0.0108 
nest F = 11. 924 p < .001 
November 1973 
Ants leaving y = 2.0189 - 0.0062 (Ternp-15 .106) 2 - 0.0016 (SD-2.639)
2 
nest F = 7.568 p < .002 
2 (SD-5.082) 2 Ants entering Y = 2. 7156 - 0.0066 (Ternp-1 7. 688) - 0.0310 
nest F = 7.108 P < .005 
APPENDIX 3: Colony Fission in Chelaner(rothsteini ) 
Colonies of social insects reproduce in two main ways. 
They may either emit sexuals that mate and initiate new colonies, 
or may grow and break up into parts (Brian 1965). In the higher 
ants (including the subfamilies Myrmicinae, Dolichoderinae and 
Formicinae which occur at "Enunet Vale") the typical method is the 
former one, in which the queen establishes a nest cell after a 
nuptial flight and rears the first brood on the food reserves of 
her own body (Wheeler 1933). However, in some species, modifica-
tions involving colony budding or hesmosis are found. The follow-
ing is a description of such colony fission in the myrmicine ant 
Chelaner(rothsteini), which occurred over several days in late 
summer of 1973. 
The initial observation was of a large number of queens 
being mated on a nest site in the saltbush plot. The males were 
black and had fully developed wings, but the females had orange 
gasters and only poorly developed wings. This type of female has 
been described by Wheeler (1917) as a mesonotal, subapterous form, 
and is morphologically intermediary between the typical fully-
winged queen and the apterous worker ant. Wilson (1971) refers 
to such forms as ergatogynes. Sixty-three of these ergatogynous 
queens were observed emerging from the maternal nest and being 
mated by waiting males. As this reproductive behaviour was 
already in progress when observations were conunenced (10.30 a.m. 
on February 5th) this figure represents a minimum count of mated 
queens. 
187 
After having been mated, the queens either returned to 
the maternal nest, or were escorted along a trail to a new tempor-
ary nest, in an abandoned hole some 5 m north (Nl), by worker ants . 
Some workers also carried larvae and pupae away from t he maternal 
nest. Other groups of workers began to form trail s i n different 
directions on this and the nest few days, to the west, east, north-
east and south . They also carried larvae and pupae, and escorted 
newly mated queen ants. The paths taken by these divi ding groups 
of workers, which were incipient daughter colonies, is shown i n 
Fig. 9.1. This also shows on which days after the initiation of 
fission, the ants used these paths. The ants did not dig new 
nests, but rather individual ants acting as scouts found abandoned 
holes, and laid trails to these. The rest of the daughter colony 
then shifted to the new nest site, which was extended or modified 
by excavation. These nest sites were only temporary however, and 
the ants shifted from site to site, eventually becoming separated 
from the maternal nest and each other. As they separated, further 
fission of the groups occurred, so that the number of i ncipient 
daughter colonies increased each day. To add to thi s, new groups 
of ants carrying immatures left the maternal nest, both along the 
original paths and in new directions. The daily increase in 
colony number is shown in Table 9.1. Unfortunately, close observ-
ations could only be made over the initial five day period of the 
fission process, and as further divisions were occurring, 
14 is a minimum estimate of the number of new colonies formed 
by this method of reproduction. 
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Figure 9.1. Paths taken by groups of ants · during colony fission i n 
Chelaner (rothsteini). 
4,5 
\fl ,W2 etc. are temporary nest sites. and the small numera ls 
are the days on which the paths were used. 
4th 
5th 
6th 
7th 
8th 
9th 
TABLE 9.1 Daily increase of incipient daughter 
colonies during nest fission in 
Chelaner(rothsteini) 
Day 
February 0 
February 1 
February 2 
February 3 
February 4 
February 5 
Number of 
separate 
groups 
1 
4 
5 
8 
10 
14 
Nest site of groups 
Maternal 
Maternal, Nl,W2,W3 
Maternal, Nl,N2,W2,W3 
Maternal, N2,NW1,NE1,E2,W2,W3,W4 
Maternal, N3,N4,NW2,NE3,E2,E3,Wl,W3,W4 
Maternal, Nl,N5,N6,NW3,NW4,NE3,NE4,E2, 
E5,S1,W4,W5,W6 
By counting the numbers of workers and larvae passing a 
point in a given time interval (1 minute) and recording the length 
of time over which transfer of a group from one temporary nest 
site to another occurred, rough estimates of the populations of 
these daughter colonies were obtained. These ranged from about 
1000 workers and 350 immatures to 6000 workers and 3200 immatures. 
The latter figure was obtained at an earlier stage of nest fission. 
These gave an estimate of the original population of roughly 50,000 
workers and 15,000 larvae and pupae. A colony of this size could 
fragment into many small daughter colonies of several hundred to 
a few thousand individuals. 
This observation provides some evidence for the hypothesis 
of Wilson (1971) that where ergatogynes occur, they will be 
accompanied by workers during colony founding or else revert to 
foraging. He predicted this because he felt that, as claustral 
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foundation requires the queen to use solely her own body reserves 
to rear her first brood, this necessitated a fully differentiated 
queen. The ergatogynous queen is a transitional form and so is 
incapable of doing this. The presence of ergatogynous queens is 
made more interesting by a prior collection of a different type 
of queen, morphologically similar but with a dark gaster and fully-
developed wings, from the same Ch. (rothsteini) colony the previous 
year. If they are the same species, as is strongly suspected, 
this means that both the typical queen and ergatogynes are 
produced, a situation which Wheeler (1917) recorded for other 
closely related species. This would suggest that colony reproduc-
tion may occur with phases of claustral colony foundation and 
colony fission. However, the possibility exists that one form may 
be a social parasite, and the whole aspect of Ch. (roths teini ) 
reproduction requires further study. Other problems which arise 
are the conditions necessary for a daughter colony to cease shift-
ing sites and found a permanent nest, and the length of time taken 
by this colony-splitting process. Furthermore, as this species is 
antagonistic toward conspecifics, the factors determining why and 
what length of time it takes for these daughter colonies to 
become intolerant of each other need to be understood. The 
survival of the daughter colonies is also an important problem. 
A survey taken six months later showed five new colonies 
surviving in the area, which probably derived from the fission in 
February 1973. Further study into the behaviour and ecological 
consequences of colony fission by ant species is strongly 
recorranended. 
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